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1. EXECUTIVE SUMMARY

The DAVINCI project aims at setting up foundations of pioneering Non-Binary Digital Wireless
Transmission targeting the high spectral efficiency requirements of next generation wireless
communications. Five major objectives are targeted, namely, (1) Development of new structures of
non-binary LDPC codes; (2) Development of adapted link level procedures; (3) Design of adequate
algorithm and architecture for low cost implementation; (4) Quantification of the performance
benefits using IMT-Advanced compliant link and system level platforms; and finally 5) Real-time
demonstration of DAVINCI codec on OFDM wireless platform.

The major achievements towards the above five main objectives can be summarized as follows:

1) Development of new structures of non-binary LDPC codes outperforming the binary codes
but also enjoying highly desirable features such as flexibility in trading-off the performance
and complexity, rate-compatibility, reliability in fading scenarios, and compliance with
hardware parallel implementation;

2) Development of adapted link level procedures suited to OFDM wireless transmission
including adaptive coding and modulation (ACM) schemes, ARQ/H-ARQ, turbo channel
estimation, and multiple antenna (MIMO) techniques;

3) Design of low complexity DAVINCI decoder, referred to as L-Bubble check algorithm,
together with the proof and validation of DAVINCI codec implementation using adequate
architectures on FPGA, ASIC (45 nm technology), and ASIP (65 nm technology).

4) Quantification of the performance benefits of DAVINCI codec compared to reference IMT-
Advanced binary FEC schemes showing a) up to 0.5 dB in the SISO context converting into
up to 5% average sector throughput, and 1 to 2 dB in the MIMO context; b) higher gains for
high order modulations, reflecting the potential of DAVINCI codes to achieve high spectral
efficiencies; and c) better reliability to non-linear distortions compared to binary codes;

5) Successful demonstration at the Future Networks and Mobile Summit’10 of the DAVINCI
decoder mapped on FPGA integrated with a wireless platform and used in a near real-time
wireless scenario, showing its potential for fully real-time high rate wireless applications.

Overall, the project successfully met all its 8 milestones as specified in the Annex | of the Grant
Agreement, delivered more than 50 technical deliverables, filed 4 intellectual property rights
applications, and published more than 40 articles in journals and international conferences. Plans
for commercial exploitation and valorisation of the project outcomes have been also set.

In summary, the DAVINCI project succeeded in setting up the foundations of Non-binary digital
wireless communications. It showed that non-binary technology has a great potential to complement
or replace the binary technology in the long run to meet the high spectral efficiency requirements of
next generation wireless multimedia communications. The DAVINCI project will certainly serve as
a key reference for a continuous exploration of the potential benefits of non-binary technology for
future wireless communications but also for other communication media. This is with the aim of an
enhanced capacity and quality of future radio access networks, which will benefit the end users in
terms of more affordable prices for higher quality services.
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2. SUMMARY OF PROJECT OBJECTIVES AND STRUCTURE

2.1. GOAL AND MAIN OBJECTIVES

The DAVINCI project aims at setting up foundations of pioneering Non-Binary Digital Wireless
Transmission targeting the high spectral efficiency requirements of next generation wireless
communications. The overall goal of the DAVINCI project is to develop a framework for the
design, implementation, and evaluation, of pioneering non-binary wireless transmissions based on
innovative LDPC codes and adapted link level procedures for next generation wireless
communications. Five major objectives are targeted as summarized hereafter:

1)

2)

3)

4)

5)

Develop new structures of non-binary LDPC codes with the aim to approach the theoretical
error correction limits at small codeword lengths, and high spectral efficiency, on various types
of wireless channels. This is whilst enabling the incorporation of flexible schemes such as rate
and block length adaptation, together with desirable implementation properties like the ease of
parallel computing or memory storage reduction.

Develop link level technologies adapted to the use of DAVINCI non-binary LDPC codes in
next generation multi-carrier (OFDM) systems. This mainly includes adaptive coding and
modulation (ACM) schemes, ARQ/H-ARQ with incremental redundancy, iterative channel
estimation and equalization, and multiple antenna (MIMO) techniques. The latter MIMO
techniques have not been planned in the Annex | of the Grant Agreement, but added later on
thanks to the particular merit MIMO techniques are found to have when associated with non-
binary FEC codes.

Propose a low complexity DAVINCI non-binary LDPC decoder, and study the feasibility of
low cost implementation of DAVINCI codec with adequate architectures on FPGA, ASIC (45
nm technology), and ASIP (65nm technology). Moreover, an FPGA implementation is targeted
for use in nearly real-time wireless demonstration, but also for performance validation and
optimization at very low frame error rate using very high speed hardware emulation.

Quantify the performance improvements and potential benefits of DAVINCI non-binary
technology using link and system level software platforms compliant with IMT-Advanced
system candidates, namely, WiMAX IEEE 802.16m, 3GPP LTE, and WINNER-II. This
includes on one hand (1) the integration and evaluation of DAVINCI codec and some link level
technologies in IMT-Advanced compliant link level simulators accounting for realistic system
constraints such as complexity, delay constraints, and granularity of link adaptation schemes;
and on the other hand, (2) the physical layer abstraction of DAVINCI link level performance at
the system level and evaluation of the system level performance metrics (e.g. sector
throughput, cell edge throughput, coverage, etc.) using WiMAX IEEE 802.16m compliant
multi-cellular system level simulator.

Demonstrate the DAVINCI codec implementation in a real-time wireless OFDM platform
interfaced with the DAVINCI decoder mapped on FPGA, showing its potential for fully real-
time high rate applications.

2.2. FUNCTIONAL STRUCTURE

Towards the above objectives, the project is structured into seven complementary Work Packages
(WP) linked together, as illustrated in Figure 1 below.
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WP4 “Advanced Channel Coding” is the corner stone of the project where new structures of non-
binary LDPC are designed in line with the above objective 1) and provided to WP2, WP5, and
WP6.
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Figure 1: DAVINCI project structure.

WP5 “Link Level Technologies” mainly addresses above objective 2) for the design of link level
technologies (e.g. Adaptive Coding and Modulation, HARQ, turbo-receivers, resource allocation,
etc.) adapted to the non-binary codes from WP4 in the context of OFDM wireless transmission.

The technologies from WP4 and WPS5 are input to WP6 “Adequacy Algorithm Architecture”, which
focuses on the design of low complexity receiver with adequate architecture for low cost
implementation on FPGA, ASIC (45 nm) and ASIP (65 nm) in line with objective 3).

Some of the best solutions developed within WP4, WP5, and WP6 are integrated and evaluated in
WP2 “Performance Analysis & Evaluation” using link and system level simulations for IMT-
Advanced candidate systems (e.g. IEEE 802.16m, 3GPP-LTE, WINNER-II), in order to highlight
their potential benefits compared to IMT-Advanced reference binary schemes. This is along the line
of objective 4).

The DAVINCI codec designed by WP4 and WP6 and implemented on FPGA in WP6 is integrated
in WP3 “Integration & demonstration” and demonstrated using real-time OFDM wireless platform,
showing its potential for fully real-time high rate applications, as targeted in objective 5).

The overall “Project Management & Coordination” is handled by the Project Manager and
Coordinator in WP1. The “Exploitation and Dissemination” activity is tackled in WP7.

2.3. PROJECT DETAILS

The DAVINCI project is an FP7 ICT Collaborative project funded by the European Commission
(EC) under the grant agreement Number 216203. The EC fund contribution amounts to ~2.5 m€ for
a total project cost of ~3.5 m€. The project was kicked off on January 17, 2008 and completed the
work on schedule on June 30, 2010. The project participated to the Radio Access Spectrum (RAS)
Cluster from NEWCOM++, the FP7 Network of Excellence (NoE) in wireless communications.
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The consortium is composed of 8 European R&D organizations from both the industry and the
academia, as illustrated in Figure 2. The project is led by Dr Alain Mourad, the scientific
representative of Samsung Electronics (UK) Itd., DAVINCI Project Coordinator. More than 25
research experts co-worked together all along the 2.5 years project duration, where they succeeded
into meeting all the targets outlined by the aforementioned five major objectives of the project.
Overall, the project delivered more than 50 technical reports in line with the technical annex of the
Grant Agreement, published more than 40 articles in international journals and conferences, filed 4
intellectual property rights applications, and demonstrated on a real-time wireless platform a
versatile DAVINCI non-binary solution for next generation wireless communications.

All project details can be found at the project portal website: www.ict-davinci-codes.eu.

Samsung Electronics

Ecale Nationale
Supevieure de
IElectyonique et de
ses Applications (FR)

Interuniversitair
Micro-Electronica
Centrum (BE)

Figure 2: DAVINCI consortium.
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3. SUMMARY OF MAIN S&T RESULTS AND FOREGROUNDS

Several tasks have been undertaken by the different work packages and the different partners
composing the DAVINCI project. Below, we present a short summary with the main scientific and
technical results achieved with respect to the above five major objectives of the project. More
details can be found in corresponding DAVINCI deliverables and publications listed on DAVINCI
website.

3.1. TOWARDS OBJECTIVE 1

New structures of non-binary LDPC codes have been developed. These structures enjoy highly
desirable features for a coding scheme intended for use in practical wireless communication
systems, such as:

Higher flexibility in trading the level of error protection versus the decoding complexity
without changes in the code rates and block lengths, as compared to binary LDPC codes. So,
if a higher level of error protection is required, which cannot be achieved with binary LDPC
without changes in the code rates and block lengths, DAVINCI non-binary LDPC codes
offer an alternative to meet this requirement at the expense of a slight increase in the
receiver complexity.

High robustness in various fading scenarios (fast fading and block fading), reflecting the
suitability of DAVINCI codes for reliable wireless transmissions.

Ability to obtain rate-compatible structures, reflecting the suitability of DAVINCI codes
for adaptive wireless transmissions.

Compliance with hardware parallel implementation, reflecting the suitability of
DAVINCI codes for high processing rate hardware architectures.

3.2. TOWARDS OBJECTIVE 2

Novel link level procedures were adapted to the non-binary nature of the encoded information, as
summarized hereafter:

Adaptive Coding and Modulation (ACM): A simple approach defining look-up table with
sets of modulation and coding schemes (MCS) relating the range of SNR values is devised
for adaptive single-carrier carrier systems or multi-carrier systems which employ the same
modulation on all sub-carriers. However, for multi-carrier systems adapting the modulation
across the sub-carriers, a more efficient approach is devised based on the characterization of
the coding performance with the mutual information per code symbol. This approach was
found to provide an efficient way to define a bit-loading algorithm with high performance
and low complexity. The use of the accumulated mutual information per codeword was
shown to allow seamless combination of frequency-selective adaptation with H-ARQ. A
specific benefit worth mentioning here for the DAVINCI codes is that they can be combined
naturally with higher-order modulations and therefore allow reducing the number of
considered MCS.

H-ARQ: A method for adapting the size of the retransmission unit was developed. Results
showed that high throughputs can be achieved in the absence of accurate channel state
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information (CSI). The throughput with H-ARQ for very limited channel knowledge at the
transmitter was found comparable to the throughput with perfect transmitter CSI. This
confirmed the possibility of using DAVINCI codes with optimized H-ARQ strategies.

Turbo channel estimation: A novel iterative channel estimation method was developed in
the specific case of OFDM signals using DAVINCI non-binary LDPC codes. The novelty of
this scheme lies in two features: a) Feeding the estimator with the exact a-posteriori soft
information without any heuristics; b) Pairing the turbo estimator with non-binary LDPCs
without the need of local “soft remapping” of the LLRs as the channel decoder directly
outputs LLRs on channel symbols rather than bits (as in conventional binary codes). A
significant improvement of 0.5 to 1 dB was shown compared to the conventional pilot-aided
scenario, especially for large constellations, but at the expense of increased receiver
complexity.

MIMO techniques: Although not planned originally, DAVINCI investigated the potential
of DAVINCI non-binary LDPC codes in the context of MIMO transmission. In the
particular contexts of log2(q) bits per channel use, DAVINCI non-binary codes were shown
to be significantly superior to binary codes, unlike in the SISO context. Substantial gains (up
to 2 dB) were observed compared to binary codes, and in many cases the results beat the
BICM Shannon limit meaning that the achieved with the non-binary LDPC codes cannot be
achieved by any binary code of arbitrary length. The general context of combining
DAVINCI codes with any MIMO configuration was also addressed, mainly from the
perspective of reducing the decoding complexity. A method was devised to reduce the
complexity of LLR computation for Soft Maximum Likelihood receivers, thus preserving
significant gains of DAVINCI non-binary codes (up to 1 dB) compared to binary codes. The
great potential of non-binary codes in the MIMO context discovered in the DAVINCI
project sparked the interest of different partners in DAVINCI to extend their investigation
beyond the lifetime of DAVINCI project.

3.3. TOWARDS OBJECTIVE 3

An innovative low complexity non-binary decoder was proposed and successfully implemented and
validated on FPGA. Studies were also conducted for low cost implementation on ASIC (CMOS 45
nm technology) and ASIP (65 nm technology), as summarized below:

Low complexity non-binary decoder: A sub-optimal DAVINCI decoder was proposed
showing significant reduction in the complexity at slight performance loss. The original
decoder implements the so-called bubble-check algorithm for elementary check processing.
This was one of the key innovations in the DAVINCI project. This original version was later
refined yielding to the L-Bubble check algorithm which simplifies the architecture of the
elementary check nodes, the latter being a key complexity issue in non-binary LDPC
decoder implementation.

FPGA implementation: The DAVINCI decoder was implemented in finite precision with a
key feature for trading-off the performance and complexity. For this trade-off, we applied
two already published methods (Reduced Monte Carlo Simulation, hardware emulation) and
also proposed an original “role model” based technique to evaluate rapidly the degradation
introduced by the sub-optimality of an algorithm. This method is based on the definition of a
new metric, named Entropy Inspired Distance, between the APP output of the optimal
algorithm and the sub-optimal algorithm.
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FPGA validation: A hardware discrete channel emulator was developed allowing for very
high speed hardware emulation. Thanks to the Hard Discrete Channel Emulator, an
emulation environment has been developed in order to obtain performance curves at very
low bit error rates. The technology developed (WEB server on an embedded Power PC
inside the FPGA) for this emulation environment will be reused for future works related to
cognitive radio.

ASIC implementation: An efficient ASIC implementation of DAVINCI decoder was
proposed specifically on a 45 nm technology node. At 100 Mbps data user throughput with
22 sets of code rate/frame length, the results showed 1.28 mm2 post-synthesis silicon, and
around 100 mW power consumption. The area size is around x4 times compared to
equivalent binary LDPC codes.

ASIP implementation: The feasibility of mapping non-binary LDPC decoder onto an
advanced FEC ASIP (originally suited for binary turbo and LDPC decoding) was
investigated. The results showed an area (synthesis area and memory macro size) of 2.51
mm2 and 165 mW power consumption at low data throughput of ~15 Mbps. This is
assuming commercial 65nm LP technology. Being more flexible, this solution naturally
leads to lower throughput and higher latency decoding.

3.4. TOWARDS OBJECTIVE 4

After successful integration of DAVINCI codec and some link level technology in link level
simulators compliant to WiMAX IEEE 802.16e/m, 3GPP LTE, and WINNER-II, extensive
performance evaluation and comparison have been conducted at both the link and system level to
quantify the performance improvements of DAVINCI non-binary technology compared to reference
binary technology proposed for IMT-Advanced systems. The following main achievements are
presented with respect to this objective:

Link Level Performance: Extensive link level evaluation of the DAVINCI codes was
performed with comparison to advanced binary FEC schemes from WiMAX 16e/m (CTC
and LDPC), 3GPP LTE (TC), and WINNER-1I (DBTC). It is concluded that in the SISO
context DAVINCI codes achieve a small gain (up to 0.5 dB) compared to the reference CTC
and binary LDPC codes independently of the i) codeword length, ii) constellation order, iii)
transmission scheme, and iv) target system. The gain was shown to become higher for high
order MCS, showing DAVINCI codes to be particularly suitable to meet high spectral
efficiency requirements. In the MIMO context, significant gains between 1 to 2 dB could be
appreciated highlighting the great potential of DAVINCI codes in the MIMO context. The
impacts of DAVINCI codes at the link level when accounting for the effects of non-
linearity, mobility, inter-carrier interference, were also considered. This showed slightly
better reliability of DAVINCI codes to these distortions compared to binary codes.

System Level Performance: A system level simulator was developed following the
Evaluation Methodology Document (EMD) and System Description Document (SDD) from
WIMAX |EEE 802.16m. System level performance evaluation and comparison were
conducted confirming that DAVINCI codes outperform WiMAX CTC codes in all
scenarios, but with a small gain (an average of 5% in term of scheduled average sector
throughput) in line with the small gain of 0.5 dB observed at the link level in the SISO
context. Nevertheless, the gain is found higher for users closer to the cell centre, where the
percentage of use of high order MCS is clearly higher with DAVINCI codes as compared to
CTC codes. This makes DAVINCI codes more suitable to increase the peak throughput and
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spectral efficiency rather then average or cell edge figures. Moreover, a model based on the
RBIR “QAM symbol level mutual information” metric was proposed for the PHY
abstraction of DAVINCI codes at the system level. This model was validated and extended
to the MIMO context with linear receivers anticipating future system level performance
evaluation of DAVINCI codes in the promising context of combination with MIMO
techniques.

3.5. TOWARDS OBJECTIVE §

The innovative low complexity DAVINCI decoder mapped on FPGA was successfully integrated
with a wireless platform and used in a near real-time wireless demonstrator, showing the potential
of DAVINCI non-binary codec for fully real-time, high rate applications. The wireless demonstrator
with the decoder was displayed at the Future Networks and Mobile Summit (June 2010).
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4. LIST OF DELIVERABLES

All deliverables listed in the technical annex of the Grant Agreement have been delivered on time or
with very short delay, as shown in Table 1. Overall, 46 deliverables have been duly delivered to the
EC. This is in addition to 8 internal reports presented in Table 2, and 10 quarterly management

reports detailing the project progress status in every quarter during the project lifetime.

Table 1: Deliverables.

. Due . Actual
No. Name WP Leader | Nature S?gyé:ty delivery %‘2;‘;&2’ delivery
date date
WP1 (Total = 4)
Di1.1 “Website of the project” WP1 SEUK @) PU M1 Yes v M1
Evaluation of Progress
D1.2 Status of the project, WP1 SEUK R CcoO M11 Yes v M11
issue 1
Evaluation of Progress
D1.3 Status of the project, WP1 SEUK R CO M23 Yes v M25
issue 2
D1.4 Final Project Report WP1 SEUK R PU M30 Yes v M30
WP2 (Total = 8)
D221 | LUinkLlevelEvaluation, | \yps | crre R PU M11 Yes v M11
issue 1
p2.3.1 | SystemLevel Bvaluation, | \ypy | gEyk R PU M11 Yes v M19
issue 1
Proposals for IMT-
D2.1.3 Advanced systems, WP2 SEUK R PU M18 Yes v M18
issue 1
D2.1.4 | FinalProposalfor IMT- | \ypy | gk R PU M23 Yes v M24
Advanced Systems
D222 | HnklevelEvaluation, | \yp, | cprc R PU M23 Yes v M24
issue 2
D232 | System Level Bvaluation, | \yps | gek R PU M23 Yes v M24
issue 2
D223 | LUinklevelEvaluation, | \ypo | crre R PU M30 Yes v M30
issue 3
D233 | System Level Bvaluation, | \yp, | gy R PU M30 Yes v M30
issue 3
WP3 (Total = 6)
Gate netlist for 45nm
Asic: report showing
D3.1.1 area, timing and memory | WP3 STM R (6{0) M28 Yes v M28
percentage and gate
count
Place &Route
p3.12 | benchmarking:report | ywp3 | sTM R co M28 Yes v M28
showing P&R and
describing % of density
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of gates

D3.1.3

Power Estimation and
global Asic 45nm results
report disclosing : area,
frequency, throughput,
power

WP3

ST™M R

PU

M30

Yes v

M30

D3.2

Synthesis and mapping
report (FPGA)

WP3

UBS R

PU

M27

Yes v

M27

D3.3.1

Wireless demonstrator
specification

WP3

IMEC R

PU

M21

Yes v

M21

D3.3.2

Wireless demonstrator
description and test

WP3

IMEC R

PU

M30

Yes v

M30

WP4 (Total = 8)

D4.1

Benchmark Non Binary
LDPC codes: Report and
Software for the
benchmark decoder (C-
ANSI)

WP4

ENSEA RP

CoO

M6

Yes v

M6

D4.2

Low-Density Parity-
Check Codes for non-
ergodic Block-Fading

Channels

WP4

WISER R

PU

M18

Yes v

M18

D4.3

Structure and
performance of
generalized NB-LDPC
codes

WP4

ENSEA R

PU

M18

Yes v

M18

D4.4

Optimized NB-LDPC
construction: report and
new codes for the
consortium

WP4

ENSEA RP

CoO

M18

Yes v

M21

D4.5

Constrained NB-LDPC
codes for Hardware
implementations

WP4

ENSEA RP

CoO

M24

Yes v

M24

D4.6

Information theoretic
solution to the
optimization of NB-LDPC
codes for finite length
imperfect transmission

WP4

WISER R

PU

M30

Yes v

M30

D4.7

Flexible coding schemes
for rate and block length
adaptation, based on
NB-LDPC

WP4

ENSEA R

PU

M30

Yes v

M28

D4.8

Performance Evaluation
of the Different DAVINCI
codes

WP4

ENSEA R

PU

M30

Yes v

M30

WPS5 (Total = 5)

D5.1.1

Selection of Adaptive
Coding & Modulation
Techniques to Wireless
Channels Suitable to
High-Speed Wireless
Channels

WP5

WISER R

PU

M15

Yes v

M15
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Development of Iterative
(turbo) Algorithms for

D5.2.1 S WP5 | WISER R PU M24 Yes v M24
Channel Estimation and
Compensation
Optimization of H-ARQ
D5.3.1 techniques with New WP5 CTTC R PU M24 Yes v M24
Codes
Evaluation criteria for
D5.4.1 QoE of multimedia WP5 ITTI R PU M24 Yes v M24
services
D5.5.1 All non-binary link WP5 | ENSEA R PU M24 Yes v M24
adaptation strategy
WP6 (Total = 9)
Adapt the already
D6.1.1 existing simplifications WP6 UBS R PU M6 Yes v/ M6
o on LDPC GF(2"q) to
DaVinci codes
Proposal of a new
D6.1.2 | decoding algorithm for | WP6 UBS R Cco M9 Yes v M9
DAVINCI codes
Fixed Point
D6.1.3 implementation of the WP6 UBS R co M11 Yes v M11
Non Binary LDPC codes
D621 | Developmentofthe | wpe | gg R co M12 Yes v M12
emulation environment
D6.1.4 Final version of new | \ypg | g R PU M18 Yes v M18
decoding algorithm
Develop the generic
D6.2.2 VHDL for FPGA WP6 UBS R CO M24 Yes v M24
synthesis
Find specific optimization
D6.3 parameters for VLSI WP6 STM R CcO M24 Yes v M24
implementation
Performance
Measurement of
v
D6.2.3 DAVINCI code by WP6 UBS R PU M30 Yes M30
Emulation
D6.4 Development on an ASIP | WP6 IMEC R PU M30 Yes v M30
WP7 (Total = 6)
Plan for the use and
D7.1.1 dissemination of WP7 CTTC R PU M4 Yes v M4
foreground, issue 1
D7.2.1 Standardization & WP7 | SEUK R co M11 Yes v M11
Regulatory plan, issue 1
D7.3.1 | Winter School/Workshop | WP7 CTTC @) PU M14 Yes v M14
Plan for the use and
D7.1.2 dissemination of WP7 CTTC R PU M16 Yes v M16
foreground, issue 2
D7.2.2 Standardization & WP7 | SEUK R co M23 Yes v M23
Regulatory plan, issue 2
D7.3.2 | Winter School/Workshop | WP7 CTTC @) PU M26 Yes v M26
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Table 2: Internal reports.

No. Title Leader WP Delivery date
IR2.1.1 Performance R_ﬁaﬂ;iéfg;eg)t/sstzr:gSConstraints for SEUK WP2 M4
IR2.1.2 State OfCﬁrr;E)icr’Q):nT/grvg;ﬁg WSVSIemS SEUK WP2 M6
IR3.1.1 PnR tool evaluation and ASIC decoder architecture ST™M WP3 M21
IR5.1.1 Wireless Channel Modeling WISER WP5 M13
IR5.1.2 Mapping/Demapping Techniques WISER WP5 M13

IR5.3 WP5 Technical Report WISER WP5 M18
IR7.2.1 Standardization and Regulatory Plan, Issue 1 SEUK WP7 M11
IR7.2.3 Some exploitation results of the DAVINCI project SEUK WP7 M30
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5. LIST OF MILESTONES

The DAVINCI milestones as specified in the technical annex of the Grant Agreement are presented
in Table 3 below. All milestones were successfully met. Only milestone M5 is partially achieved,
where new link level technologies from WPS5 are implemented in WP2 platforms, but corresponding
implementation in the WP3 demonstrator turned out to be unrealistic in the project lifetime.

Table 3: Milestones.

Due

Achieved

Actual

No. Name WP Leader date ves/No date Comments
Validity of the WP2 WP4 Successful use of
M1 benchmark non-binary WP5’ WPE‘; ENSEA M7 Yes v M7 codes in WP2, WP5
LDPC codes ' and WP6
Completion of tasks
planned by M12 in view All deliverables
M2 of periodical WP1 + All SEUK M13 Yes v M13 have been delivered
Commission project on time
assessments
Feasibility of the Complexity
hardware evaluation of the
v
M3 implementation of WP4, WP6 UBS M14 Yes M13 coding schemes
DaVinci codes presented by UBS
Compatibility of the new First use of the code
non-binary code WP2 models in the
’ v
M4 structure with WP3, WP4 IMEC M20 Yes M20 platforms and
demonstrators simulators
Compatibility of the new lmﬁée\,vn]ienn;?g\?; of
M5 link level technologies WP2, WP5 IMEC M20 Partial Yes v/ M24 Lo
. technologies in WP2
with demonstrators -
simulators.
Completion of tasks
planned by M24 in view .
M6 of periodical WPL+All | SEUK M25 Yes v M25 All deliverables
o . delivered on time
Commission project
assessments
Comparison with
other solutions
roposed to the
Improvement of the P
M7 DAVINCI system Al ENSEA | M26 Yes v m2e | 'MT-Advanced but
also showing the
compared to SoA .
potential of
DAVINCI codes with
MIMO
w2, Final Demonstration
M8 Final Proof of Concept | WP3,WP4, SEUK M30 Yes v M30 .
WP6 with IEEE 802.11n
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6. LIST OF MAJOR EVENTS

Table 4 gives the list of the major events organized and/or attended. Overall, the project held 5
general assembly meetings, and organized two workshops (2009 and 2010) attended by
international researchers in the field. The project was also represented at multiple events organized
by the RAS cluster and the European Commission, together with several international conferences

attended to disseminate the technical outcomes of the project.

Table 4: Major events organized and/or attended.

Workshops

(1]

DAVINCI - Demonstration of DAVINCI decoder implementations at Future Network & Mobile
Summit, Florence, June 2010.

(2]

DAVINCI - Special Session on Modern Channel Coding at European Wireless Conference,
Lucca, April 2010.

(3]

4th EC concertation meeting and RAS cluster workshop, Brussels, September 2009.

(4]

DAVINCI - International Workshop on Channel Coding and Cooperation in Wireless
Communications at ICT Mobile Summit, Santander, June 2009.

(5]

RAS workshop at VTC Spring 2009, Barcelona, April 2009.

(6]

NEWCOM++-ACoRN workshop, Barcelona, Mach 2009.

[7]

RAS Custer One Year Workshop, Brussels, February 17, 2009.

Project Review Meetings

(1]

DAVINCI - Second Project Review Meeting, Brussels, September 14, 2010.

(2]

DAVINCI - First Project Review Meeting, Brussels, March 6, 2009.

Project General Assembly Meetings

(1]

DAVINCI General Assembly meeting, Poznan, Poland, March 2010 (Hosted by ITTI).

(2]

DAVINCI General Assembly meeting, Staines, UK, October 2009 (Hosted by SEUK).

(3]

DAVINCI General Assembly meeting, Lorient, France, April 2009 (Hosted by UBS).

(4]

DAVINCI General Assembly meeting, Leuven, Belgium, October 2008 (Hosted by IMEC).

5]

DAVINCI Kick Off meeting, Barcelona, Spain, January 2008 (Hosted by CTTC).
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7. USE AND DISSEMINATION OF FOREGROUND

7.1. DISSEMINATION RESULTS (PUBLIC)

The DAVINCI project dedicated one work package (WP7) for the dissemination of the achieved
results within the scientific and technical community. This WP7 is organized into three tasks,
namely, T7.1 “Dissemination of results” for scientific publications in international journals and
conferences; 77.2 “Interface with Standardization and Regulatory Bodies” t0 assess the potential of
DAVINCI technology for promotion in relevant industrial bodies; and 77.3 “Workshop/Seminars
Organization” to disseminate the scientific results in the scientific community. All three activities
aim at promoting European technology and advocate the adoption of key DAVINCI technology for
future wireless products and standards.

The major dissemination results are summarized hereafter:

2 Organization of workshops: The project organized three events to disseminate and
promote the project outcomes at three respective conferences gathering mainly the European
research community in the ICT field but also international experts from the industry and
academia:

0 Workshop on “Channel Coding and Cooperation in Wireless Communications”
organized jointly with NEWCOM++ NoE, at ICT-Mobile Summit in Santander,
Spain, June 2009.

0 Special Session on “Modern Channel Coding” at European Wireless Conference in
Lucca, Italy, April 2010.

o0 Exhibition of real-time demonstration of DAVINCI codec implementations at Future
Network & Mobile Summit in Florence, Italy, June 2010. Moreover, at this same
Summit, the DAVINCI project presented 6 peer-reviewed papers disseminating
some latest achievements by the different work packages.

< Contribution to RAS cluster: The RAS cluster is formed by the NoE NEWCOM++ to
gather and foster the links between all the FP7 projects in wireless communications. The
DAVINCI project actively contributed to the RAS cluster meetings and events:

0 Project presentation of the technical achievements for the 1% year of DAVINCI at the
RAS cluster one-year workshop in Brussels, Belgium, February 20009.

0 Technical paper and presentation at the RAS workshop organized at IEEE VTC
Spring in Barcelona, Spain, April 20009.

0 Three contributions on DAVINCI standardization plans for RAS cluster presentation

“Contribution of future networks to standardization: FP7 program” presented at
WALTER project workshop in Sophia, France, October 2009.

o Participation to the workshop co-organized by the European Network of Excellence

in Wireless Communications (NEWCOM-++) and the Australian Communication
Research Network (ACORN) workshop, held in Barcelona, Spain, March 20009.
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< Standardization plans: The project presented plans assessing the potential for proposal of
DAVINCI technology to IMT-Advanced standard candidates, namely, WIiMAX IEEE
802.16m and 3GPP LTE-Advanced. The project concluded on the difficulty to propose
DAVINCI technology to IMT-Advanced standard candidates mainly due to the
misalignment between the DAVINCI time plan for work progress and maturity of the
technology and the plans of IMT-Advanced standard candidates for their technology
specification. The DAVINCI project then identified some other relevant alternatives such as
IEEE 802.11ac/ad standards, and DVB-Next Generation Handheld (NGH). Summary of
these plans are presented as DAVINCI contribution to RAS cluster standardization plans at
WALTER project workshop in Sophia, France, October 2009.

< Scientific publications: Some 37 papers have been published during the lifetime of the
project in international journals and conferences. Several additional publications, especially
journal papers, are still pending under review, showing continuous interest to disseminate
beyond the DAVINCI project lifetime.

Table 5 gives the details of the published or accepted scientific publications outcome of the
DAVINCI results. Table 6 gives the reported pending or ongoing articles for publication beyond
the lifetime of the DAVINCI project.

Table 5: List of published or accepted scientific publications.

International Journals and Letters

G. Cocco, S. Pfletschinger, M. Navarro, C. Ibars, “Opportunistic adaptive transmission for
[1] network coding using non-binary LDPC codes”, Accepted for publication at EURASIP Journal
on Wireless Communications and Networking, July 2010.

A. Singh, A. Al-Ghouwayel, G. Masera, E. Boutillon, “A New Performance Evaluation Metric for
Sub-Optimal Iterative Decoders”, Accepted for publication at IEEE Communications Letters.

(2]

E. Boutillon, L. Conde-Canencia, “Bubble check: a simplified algorithm for elementary check
[3] node processing in Extended Min-Sum non-binary LDPC decoders”, IEE Electronic Letters, Vol.
46, no. 9, pp. 633-634, April 2010.

International Conferences

S. Pfletschinger, D. Declercq, “Getting Closer to MIMO Capacity with Non-Binary Codes and

(4] Spatial Multiplexing”, Accepted for publication at IEEE Globecom, December 2010.

G. Boccaolini, I. Fijalkow, “Variable-Rate Equal-Power Waterfilling for Non-Binary LDPC Coded
[5] Multicarrier systems”, Accepted for publication at proceedings of IEEE PIMRC, September
2010.

E. Boutillon, L. Conde-Canencia, “Simplified check node processing in nonbinary LDPC
[6] decoders”, Accepted for publication at proceedings of the 6th International Symposium on turbo
codes & iterative information processing, France, September 2010.

E. Boutillon, Y. Tang, C. Marchand and P. Bomel, "Hardware Discrete Channel Emulator”,
[7] Published at proceedings of The 2010 International Conference on High Performance
Computing & Simulation (HPCS 2010), France, June 2010.

Joan Bas, Ismael Gutiérrez, Alain Mourad, “Performance of NB-LDPC and DBTC Codes with
Channel Estimation and SNR mismatch”, Published at proceedings of IEEE International
Conference on Wireless Communication, Networking and Information Security, China, June
2010.

(8]

A. Mourad, |. Gutierrez, “System Level Evaluation of DAVINCI Non-Binary LDPC codes”,

[l Published at proceedings of Future Network & Mobile Summit, Italy, June 2010.

I. Gutierrez, A. Mourad, J. Bas, S. Pfletschinger, G. Bacci, A. Bourdoux, H. Gierszal, “DAVINCI
[10] | Non-Binary LDPC codes: Performance and Complexity Assessment”, Published at proceedings
of Future Network & Mobile Summit, Italy, June 2010.
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[11]

G. Bacci, M. Della Maggiora, M. Luise, "lterative channel estimation for non-binary LDPC-coded
OFDM signals", Published at proceedings of IEEE Int. Workshop on Signal Processing
Advances for Wireless Communications (SPAWC), Morocco, June 2010.

[12]

G. Bacci, M. Della Maggiora, M. Luise, “Code-Aided lIterative Channel Estimation for OFDM
Signals with Non-Binary LDPC Codes”, Published at proceedings of Future Network & Mobile
Summit, Italy, June 2010.

[13]

A. Flizikowski, M. Majewski, M. Przybyszewski, W. Hotubowicz, “QoE assessment of VoIP over
IEEE 802.16 networks with DaVinci codes using E-model”, Published at proceedings of Future
Network & Mobile Summit, Italy, June 2010.

(14]

S. Pfletschinger, M. Navarro, “Link Adaptation with Retransmissions for Non-Binary LDPC
Codes”, Published at proceedings of Future Network & Mobile Summit, Italy, June 2010

[15]

G. Boccolini, I. Fijalkow, “Adaptive multilevel waterfilling for non-binary LDPC coded OFDM”,
Published at proceedings of Future Network & Mobile Summit, Italy, June 2010.

[16]

L. Kiedrowski, H. Gierszal, W. Hotubowicz, “H-ARQ Techniques for Wireless Systems with
Punctured Non-Binary LDPC as FEC Code”, Published at proceedings of International
Conference on Computer, Electrical, and Systems Science, and Engineering, France, June
2010.

[17]

L. Januszkiewicz, G. Bacci, H. Gierszal, M. Luise, “Code-Aided Turbo Channel Estimation for
OFDM Systems with NB-LDPC Codes”, Published at proceedings of International Conference
on Computer, Electrical, and Systems Science, and Engineering, France, June 2010.

(18]

S. Pfletschinger, M. Navarro, “Versatile Link Adaptation based on Mutual Information”,
Published at proceedings of IEEE ICC’10, South Africa, May 2010.

[19]

C. Chavet, P. Coussy, "A memory mapping approach for parallel interleaver design with
multiples read and write accesses", Published at proceedings of IEEE International Symposium
on Circuits and Systems (ISCAS'2010), France, May 2010.

[20]

A. Flizikowski, M. Przybyszewski, S. Grzegorzewski, W. Hotubowicz, “Admission control and
system capacity assessment of WiMAX with ACM and nb-LDPC codes - simulation study with
VIMACCS ns2 patch,” Published at proceedings of IEEE Advanced Information Networking and
Applications (AINA), Australia, April 2010.

[21]

I. Andriyanova, J.J. Boutros, E. Biglieri, D. Declercq, “Outage threshold of some LDPC codes
for transmission over non-ergodic block-fading channels”, Published at proceedings of
European Wireless Conference, Italy, April 2010.

[22]

A. Venkiah and C. Poulliat, "Some New Results on LT and Raptor Codes", Published at
proceedings of European Wireless Conference, Italy, April 2010.

(23]

I. Andriyanova, J.J. Boutros, E. Biglieri, D. Declercq, “On block error performance of root- LDPC
codes”, Published at proceedings of International Zirich Seminar on Communications,
Switzerland, March 2010.

[24]

S. Pfletschinger, M. Navarro, “Adaptive HARQ for Imperfect Channel Knowledge”, International
ITG Conference on Source and Channel Coding (SCC), Germany, January 2010.

[25]

A. Mourad, |. Gutierrez, “System Level Evaluation for WiMAX IEEE 802.16m”, Published at
proceedings of IEEE International Performance Computing and Communications Conference
(IPCCC), USA, December 2009.

(26]

W. Chen, C. Poulliat, D. Declercq et al., "Structured High-Girth Non-Binary Cycle Codes",
Published at proceedings of Asia Pacific Conference on Communications (APCC), China,
October 2009.

(27]

W. Chen, C. Poulliat, D. Declercq, L. Conde-Canencia, A. Al-Ghouwayel and E. Boutillon, “Non-
Binary LDPC Codes defined over the General Linear Group: Finite Length Design and
Implementation Issues”, Published at proceedings of IEEE VTC’09 (Special Session FP7-ICT-
RAS-Cluster), Spain, June 2009.

(28]

S. Pfletschinger, A. Mourad, E. Lopez, D. Declercq and G. Bacci, "Performance Evaluation of
Non-Binary LDPC Codes on Wireless Channels", Published at proceedings of ICT Mobile
Summit, Spain, June 2009.

[29]

L. Conde-Canencia, E. Boutillon, A. Al-Ghouwayel, “Complexity comparison of non-binary
LDPC decoders”, Published at proceedings of ICT Mobile Summit, Spain, June 2009.
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(30]

J. Boutros, G. Zémor, A. Guillén i Fabregas, E. Biglieri, “Generalized low-density codes with
BCH constituents for full-diversity near-outage performance”, Published at proceedings of IEEE
ISIT, Canada, July 2008.

(31]

J. Boutros, G. Zémor, A. Guillén i Fabregas, E. Biglieri, “Full-diversity product codes for block
erasure and block fading channels”, Published at proceedings of IEEE ITW 2008, Portugal, May
2008.

National Conferences

(32]

t. Januszkiewicz, H. Gierszal, W. Hotubowicz, G. Bacci, ,Turbo Estimation Algorithm for OFDM
Systems using Non Binary LDPC Codes”, Published at KKRRIT, Poland, June 2010.

[33]

t. Kiedrowski, H. Gierszal, "Adaptive Coding and Modulation in OFDM Systems using Non
Binary LDPC Codes”, Published at KKRRIT, Poland, June 2010.

(34]

J. Bas, S. Pfletschinger, "Symbol vs Bit-wise LLR estimation for non-binary LDPC codes",
Published at URSI'09, Spain, September 2009.

[35]

H. Gierszal, W. Holubowicz, t. Kiedrowski , A. Flizikowski, “Non-Binary LDPC Coding for IMT-
Advanced System”, Published at 4th Conference on Broadband Communication, Information
Technology & Biomedical Applications, Poland, July 2009.

[36]

A. Flizikowski, R. Kozik, H. Gierszal, M. Przybyszewski, “WiMAX system level simulation
platform based on ns-2 and DSP integration”, Published at 4th International Conference on
Broadband Communication, Information Technology & Biomedical Applications, Poland, July
2009.

[37]

A. Flizikowski, R. Kozik, H. Gierszal, W. Hotubowicz, ,Integrated ns-2 - DSP platform for
research of call admission control algorithms in WiMAX”, Published at National Conference on
Radiocommunications and Broadcasting, Poland, June 2009.

(38]

t. Kiedrowski, H. Gierszal, W. Hotubowicz, A. Flizikowski, ,Effective non-binary LDPC codes”,
Published at National Conference on Radiocommunications and Broadcasting, Poland, June
2009 (in Polish).

[39]

L. Kiedrowski, H. Gierszal, W. Hotubowicz, A. Flizikowski, “DAVINCI codes as an example of
high performance non-binary LDPC”, Published at 12th National Symposium of Radio Science,
Poland, June 2009.

Table 6: List of pending scientific publications.

International Journals and Letters

(1]

M. Navarro, S. Pfletschinger, M. Boddi, “A Closed-Form Expression for the Packet Error
Probability in Type I-HARQ Schemes”, Submitted to IEEE Transactions on Wireless
Communications, May 2010.

(2]

A. Flizikowski, W.Holubowicz, “QoS and QoE evaluation of 4G candidate technologies - the
case of mobile WIMAX”, Submitted to The International Journal of Grid Computing and
eScience, Special Section, Future Generation Computer Systems, Elsevier 2010.

(3]

A. Mourad, |. Gutierrez, O. Picchi, M. Luise, “Low complexity Soft ML decoding for DAVINCI
codes with MIMO techniques”, in preparation targeting Journal submission.

(4]

A. Mourad, |. Gutierrez, O. Picchi, M. Luise, “Abstraction of DAVINCI NB-LDPC codes for
accurate performance prediction at the system level’, in preparation targeting Journal
submission.

(5]

S. Pfletschinger, D. Declercq, M. Navarro, “H-ARQ with non-binary LDPC codes”, in preparation
targeting Journal submission.

(6]

A. Ghouwayel, E. Boutillon, “Efficient LLR generation circuit for non-binary LDPC decoders”, in
preparation targeting IEEE Communications Letters.

International Conferences
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J. J. Boutros, A. Guillén i Fabregas, E. Biglieri, G. Zémor, “Low-density parity-check codes for
nonergodic block-fading channels”, in preparation targeting international conference publication.

(7]

[8] O. Picchi, I. Gutierrez, A. Mourad, M. Luise, “On the advantages of DAVINCI NB-LDPC codes in
the MIMO context”, in preparation targeting international conference publication.

Table 7 provides a list of the major dissemination activities undertaken by the DAVINCI project.
This is in addition to the international and national conferences listed above, attended by DAVINCI
experts to present their published technical papers.

Table 7: List of dissemination activities.

[1] E. Boutillon, A. Bourdoux, V. Heinrich, “Demonstration of DAVINCI decoder implementations” at
Future Network & Mobile Summit in Florence, Italy, June 2010.

2] S. Pfletschinger, “The DAVINCI project - Poster”, Future Network & Mobile Summit in Florence,
Italy, June 2010

[3] D. Declercq, S. Pfletschinger, “Special Session on Modern Channel Coding” at European
Wireless Conference in Lucca, Italy, April 2010.

[4] M. Luise, D. Declercq, “International Workshop on Channel Coding and Cooperation in Wireless
Communications” at ICT Mobile Summit, Santander, Spain, June 2009.

[5] A. Al Ghouwayel, E. Boutillon, "Serial Architecture of Non-Binary LDPC Decoder®, talk at
Journée Palmyre at Supelec in Rennes, France, November 2009.

[6] E. Boutillon, "Hardware Discrete Channel Emulator®, talk at Journée Palmyre at Supelec in
Rennes, France, November 2009.

7] A. Mourad, “The DAVINCI project - Presentation”, EC concertation meeting and RAS cluster
workshop, Brussels, Belgium, September 2009.

S. Pfletschinger, “The DAVINCI project - Poster’, NEWCOM++-ACoRN workshop, Barcelona,
(8] :
Spain, Mach 2009.

A. Mourad, “The DAVINCI project - Presentation”, RAS Custer One Year Workshop, Brussels,
(9] :
Belgium, February 2009.

A. Bourdoux, D. Declercq, “DAVINCI Codes”, RAS Cluster Meeting, Brussels, Belgium,

[10] September 2008.

T. Lestable, D. Declercq, “The DAVINCI project - Fact sheet’”, EC concertation meeting,

[11] Brussels, Belgium, March 2008.

7.2. EXPLOITATION RESULTS (CONFIDENTIAL)
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