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Executive summary

This report presents the final conclusions from the work conducted in the DAVINCI project. The
major achievements of the DAVINCI project are presented towards the five main objectives set,
namely, (1) Development of new structures of non-binary LDPC codes; (2) Development of
adapted link procedures; (3) Design of adequate algorithm and architecture for low cost
implementation; (4) Quantification of the performance assessments using IMT-Advanced
compliant link and system level platforms; and finally 5) Real-time demonstration of DAVINCI
codec on wireless platform.

The achievements report on the (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
technologies 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 sub-optimal DAVINCI decoding algorithm, referred to as L-Bubble
check algorithm, together with adequate serial and parallel architectures for low cost
implementation on FPGA, ASIC, and ASIP. This is in addition to estimation of the required area
and power consumption on ASIC (45 nm) and ASIP; (4) Quantification of the performance
improvements of DAVINCI codec compared to reference IMT-Advanced technology 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, making DAVINCI codes
more suitable to achieve high spectral efficiency requirements, and c) better reliability to non-
linear distortions compared to binary codes; and finally 5) Successful demonstration at the
Future Networks and Mobile Summit (June 2010) 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 delivered nearly 50 technical reports, filed 4 intellectual property rights
applications, and published more than 40 articles in journals and international conferences (with
nearly 10 articles still ongoing for later publications). The commercial exploitation looks quite

promising and future collaborations on promising topics beyond DAVINCI are expected.

In summary, the DAVINCI technology was shown to have a great potential for use in next
generation wireless multimedia communication systems. This non-binary technology is found
quite promising candidate to replace the binary technology in the long run. The DAVINCI project
succeeded in setting up the foundations of Non-binary Digital Wireless communications which
are believed to be a key enabler for reaching the high demand in spectral efficiency for next
generation wireless multimedia communication systems. The DAVINCI project will certainly
serve as key reference for continued and future exploration of the potential of non-binary

technology for wireless communications but also for other communication media.
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1 - Major achievements
This chapter gives a summary of the achievements over the whole duration of the project for
each WP and each task in line with the objectives specified in Annex i | of the Grant

Agreement. The person-months efforts are also given for each WP per task and per partner.

1.1 - WP2: Performance analysis and evaluation

1.1.1 - Objectives
WP2 has the following main objectives of WP2 as specified in the DoW:

9 Objective 1 A Integration of Core Advanced Channel Coding and some Link Level
technologies within Link Level Simulators compliant to following Wireless systems (WiMAX
IEEE 802.16e/m, 3GPP LTE, and WINNER-II).

1 Objective 2 A Link Level Evaluation of the performance enhancement brought by new
technology and full comparison of the potential benefits compared to reference technology
from WIMAX, 3GPP-LTE, and WINNER systems. This is in addition to the study of the
impact of ODAVI NCI codingdéd on link 1evel
complexity, delay constraints and granularity of link adaptation schemes.

9 Objective 3 A System Level Performance Evaluation for WiMAX system.

1.1.2 - Major Achievements
The following major achievements have been achieved in line with the above objectives:

9 Towards Objective 1 A

0 Successful integration of DAVINCI codes from WP4 and low complexity
decoder from WP6 in Link Level Simulators compliant to the following Wireless
systems: WIMAX |EEE 802.16e/m (SEUK/WISER), 3GPP LTE (IMEC), and
WINNER-II (CTTC). This is in addition to the successful integration of adaptive
coding and modulation (ACM) techniques and turbo estimation techniques from

WP5 into some WP2 link level platforms.
9 Towards Objective 2 A

0 Task 2.1 and Task 2.2 performed an extensive link level evaluation of the
DAVINCI codes and comparison to the advanced coding schemes from WiMAX
16e/m (CTC and LDPC), 3GPP LTE (Turbo Codes), and WINNER (DBTC). It is
concluded that DAVINCI codes achieve a small gain 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 more suitable to scenarios demanding high spectral efficiencies.

0 The link level performance has been evaluated with ACM and turbo channel
estimation techniques developed in WP5. This confirmed the potential of these
techniques for performance enhancement brought to a wireless system using
the DAVINCI codes.
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The impacts of ADAVINCI codeso 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.

Although not planned initially, WP2 studied the combination of DAVINCI codes
with MIMO techniques. A significant gain was observed compared to the SISO
context, which concluded on the great potential of DAVINCI codes when
combined with MIMO techniques. A low complexity Soft ML detector was
developed enabling the combination of DAVINCI codes with any MIMO

configuration whilst preserving the advantages of DAVINCI codes.

9 Towards Objective 3 A

(0]

Development of WIMAX IEEE 802.16m system level simulator following the
evaluation methodology document (EMD) and system description document
(SDD) from Task Group 802.16m. This was presented in deliverable D2.3.1.

Quantification of the performance gains achieved by DAVINCI codes at the
system level and comparison to competing Convolutional Turbo Codes from
WIMAX |EEE 802.16m. This was presented in D2.3.2. The results show
DAVINCI codes to outperform CTC codes in all scenarios, but at small gain
(less than an average of 5% in term of scheduled average sector throughput)
reflecting the small gain of 0.5 dB observed at the link level. 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 spectral efficiency rather then average or cell edge figures.

Investigation of the suitability of PHY abstraction models for the prediction of
DAVINCI codes performance at the system level. This was presented in D2.3.2
and D2.3.3. The RBIR metric was shown to be more realistic choice in the light
of the challenges faced for the adaptation of MMIB metric to NB-LDPC
DAVINCI codes. Verification and Validation of the RBIR metric showed the
metric to be fairly accurate, with possible increase in accuracy thanks to the
introduction of one tuning parameter. The system level results are validated
with an expectation of higher gains for DAVINCI codes which was found to be
more impacted by slight inaccuracy of the RBIR model. Following conclusions
on the potential of DAVINCI codes with MIMO techniques, the suitability of
RBIR model in the MIMO context was considered anticipating future system

level performance evaluation of DAVINCI codes in this promising context.

1.1.3 - Deliverables

All deliverables listed in the DoW have been delivered. Moreover, two internal reports have

been

del i ver ed, PoerformanteyRequitelRehts And 1Constraints for Targeted

Syst emadd ISR of Art (30AN Targeted Systems comparison/ Over vi ewo.
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Table 1: WP2 Deliverables in 2009.

No. Title Leader Due date DEIE

date

D2.2.1 Link Level Evaluation, issue 1 CTTC M11 M19

D2.3.1 System Level Evaluation, issue 1 SEUK M11 M19

D2.1.3 Proposals for IMT-Advanced systems, SEUK M18 M18
issue 1

D2.1.4 Final Proposal for IMT-Advanced SEUK M23 M24
Systems

D2.2.2 Link Level Evaluation, issue 2 CTTC M23 M24

D2.3.2 System Level Evaluation, issue 2 SEUK M23 M24

D2.2.3 Link Level Evaluation, issue 3 CTTC M30 M30

D2.3.3 System Level Evaluation, issue 3 SEUK M30 M30

1.1.4 - Foreground, Exploitation, and Dissemination

Table 2 lists the outcomes of WP2 in terms of foreground and dissemination. In addition to the
results shown below, WP2 developed link and system level platforms integrating the DAVINCI
technology. These will be exploited for future promotion of DAVINCI technologies in relevant
scientific and industrial contexts.

Table 2: WP2 foreground and dissemination.

Foreground and Exploitation

A. Mour ad, . G u Mathed for &apping @nd D& mappnly of Nonf
[1] | binary Symbol s in Dat a Communicatio Filed
GB1009729.3, June 2010.

Journals and Letters

A. Mourad, I. Gutierrez, O. Picchi, Low complexity Soft ML decoding for DAVINCI
codes with MIMO techniqueso in preparation targeting Journal submission

A. Mourad, |. Gutierrez, O. Picchi, fi Bstraction of DAVINCI NB-LDPC codes for
[0] | accurate performance predict i on at t h e, inspyeparagom targetingdq Ongoing
Journal submission

[0] Ongoing

International Conferences

0. Picchi, I . Gutierrez, A. Mour ad, M
O] |ILDPC <codes in t he MI MO context 0,tiondl| Ongoing
conference publication

Joan Bas, | smael Guti ®rrez, ALDEC and MBI Q
Codes with Channel Est i mnternatianal Gonfdren& MR
Wireless Communication, Networking and Information Security (WCNIS 2010),
Beijing, June 25-27, 2010.

2] A. Mour ad, I . Gutierrez, iSyst eBmanlLLORCG

¢ o d eFatare Network & Mobile Summit, June 2010.

I. Gutierrez, A. Mourad, J. Bas, S. Pfletschinger, G. Bacci, A. Bourdoux, H.
B8] |Gi erszal, fi DBinsry NOPIC cddes:n Performance and Complexity | Published
A's s e s s rireturd Network & Mobile Summit, June 2010.

[4] A. Mour ad, | . Gutierrez, iSystem Lev

accepted at IEEE IPCCC conference, Arizona, 14-16 December 2009.

S. Pfletschinger, A. Mourad, E. Lopez, D. Declercq and G. Bacci, "Performance
[5] | Evaluation of Non-Binary LDPC Codes on Wireless Channels", in the proc. of ICT | Published
Mobile Summit, Santander, Spain, June 2009.

(1] Published

Published

Published
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1.1.5 - Person-Months Effort
Table 3 gives the person-months efforts spent by the different partners involved in this WP.

Overall, a percentage of spent to planned efforts of nearly 132% is reached, thus an

overspending of 32%. Three main partners experience the most of overspending, namely, 1)
SEUK due to the extra work pout in the leadership of WP2, Task 2.1 and Task 2.3, and key

contributions to Task 2.2; 2) CTTC due to the heavy effort put in the leadership of Task 2.2 and

related contributions; and 3) ITTI due to the reporting of efforts corresponding to continued RTD

activity in the scope of WP5 after the termination of WP5.

Table 3: WP2 person-months effort.

WP?2 all partners POl POS Po6 PO7 Po8 Total
(SEUK) | (IMEC) | (CTTC) | (WISER) | (TTI)
planned 14 12 16 12 12 66
WP2 reported 20.54 13 24.2 12.85 16.71 87.3
delta -6.54 -1 -8.2 -0.85 -4.71 -21.3
planned 4.3 1 4 4 6 19.3
T2.1 reported 5 3.25 2.77 3.85 4.99 19.86
delta -0.7 -2.25 1.23 0.15 1.01 -0.56
planned 4.85 11 12 8 6 41.85
T2.2 reported 9.06 9.75 21.43 9 11.72 60.96
delta -4.21 1.25 -9.43 -1 -5.72 -19.11
planned 4.85 4.85
T2.3 reported 6.48 6.48
delta -1.63 -1.63
WP2 all partners (SFI)E?JlK) (II\F;(I)ESC) (CPTOTBC) oNFl)géR) (::')FQI'EI;) Total

1.2 - WP3: Integration and demonstration

1.2.1 - Objectives

This work package had three main objectives:

1 Demonstrate feasibility of ASIC implementation in CMOS 45nm technology.

1

1.2.2 - Major Achievements

Map a prototype coder/decoder on an FPGA in order to validate the code and optimize

its parameters by emulation instead of simulation (for low frame error rate).

Real-time wireless demonstrator with a wireless OFDM platform, interfaced with the
DAVINCI decoder mapped on FPGA.

f Towards 1 objective:

0 Based on the definition of the non-binary decoder from WP4, the constraints

and the decoder architecture from WP6, a gate netlist description of the

decoder was generated which allowed to estimate the area and the ASIC

timing.

o Using the Pinacle tool, we carried out the place-and-route of the decoder. This

proved that, from a technical point of view, a non-binary LDPC decoder ASIC
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supporting multi-modes, with a fair user throughput (100 Mbits/s) is realizable

until the place and route step.

Assuming realistic SNR conditions with a continuous user data stream at 100

Mbit/s, a power consumption of around 100 mW for the LDPC decoder was

estimated.

1 Towards 2™ objective:

0 The coding/decoding scheme selected in WP4 and WP6 have been

synthesized and mapped on FPGA to enable a near real-time wireless
test (the VHDL model comes from WP6).

1 Towards 3" objective:

(0]

The decoder mapped on FPGA was integrated with a wireless platform and
used in a near real-time wireless demonstrator, showing its potential for fully

real-time, high rate applications.

The wireless demonstrator with the decoder was displayed at the Future

Networks and Mobile Summit (June 2010).

1.2.3 - Deliverables

All deliverables listed in the DoW have been delivered on time. Moreover, an additional internal

report, IR3.1.1 P nR t ool evaluat. , AaS beén ethkocatedite r

on and

provide some results before D3.1.1 that was due very late (28 months after the project start).

Table 4: WP3 deliverables.

No. Title Leader Due date DEITE;
date
Gate netlist for 45nm Asic: report
D3.1.1 showing area, timing and memory ST™ M28 M28
percentage and gate count
Place &Route benchmarking : report
D3.1.2 showing P&R and describing % of ST™M M28 M28
density of gates
Power Estimation and global Asic 45nm
D3.1.3 results report disclosing : area, STM M30 M30
frequency, throughput, power
consumption
D3.2 Synthesis and mapping report (FPGA) UBS M27 M27
D3.3.1 Wireless demonstrator specification IMEC M21 M21
D3.3.2 Wireless demonsttreasttor description and IMEC M30 M30

1.2.4 - Foreground, Exploitation, and Dissemination

Focused on the integration and demonstration, WP3 was mainly in charge of the demonstration

of DAVINCI codes integrated in real-time wireless platform at the Future Network and Mobile

Summit 610. Besi des, WP 3

contri
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1.2.5 - Person-Months Effort
Table 5 gives the person-months efforts spent by the different partners involved in this WP.

Overall, we can appreciate a percentage of spent to planned efforts of nearly 102%, reflecting a

very good alignment of spent and planned efforts.

Table 5: WP3 person-months effort.

WP3 all partners (SP%?A) (Sgg) (||\F/)|(|)ESC) Total
planned 36 3 24 63
WP3 reported 36 4.35 24 64.35
delta 0 -1.35 0 -1.35
planned 36 36
T3.1 reported 36 36
delta 0 0
planned 3 3
T3.2 reported 4.35 4.35
delta -1.35 -1.35
planned 24 24
T3.3 reported 24 24
delta 0 0
WP3 all partners (51(?'\3/0 (Sgg) (II\F/)I(I)ESC) Total

1.3 - WP4: Advanced channel coding

1.3.1 - Objectives

This work package is at the centre of the DAVINCI project for the development of the DAVINCI
coding technology, the support of WP5 and WP6 for the design of corresponding tailored
technologies, and the support of WP2 and WP3 for integration of DAVINCI codes for

performance evaluation and demonstration in Software and hardware platforms respectively.

The main objective was to develop new structures of non-binary LDPC codes with the objective
of approaching the theoretical error correction limits at small codeword lengths, and high
spectral efficiency. Moreover, the proposed codes needed be adapted to flexible schemes, by
incorporating rate and block length adaptability. An extra required feature was the so-called
hardware-compliant design of codes, in the sense that some desirable properties like ease of
parallel computing or memory storage reduction have been incorporated in the code design
without any major error correcting performance loss. Various types of channels have been

studied to verify the robustness of the proposed code design.

1.3.2 - Major Achievements

From our point of view, the non-binary codes with proper code and decoder design have a high
potential in replacing binary LDPC codes in the long run. Before the DAVINCI project, this claim
was already made in some papers in the literature, but only for optical or magnetic recording
channels. The interest of non-binary LDPC codes for wireless applications, with high demand in
flexibility and low power consumption of the devices, was not clearly understood. We have
discovered along this DAVINCI project some very nice features of non-binary LDPC codes

which we describe below:
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1 With similar average decoding complexity and latency, the NB-LDPC codes give
roughly the same protection against transmission errors than binary LDPC codes. As a
consequence, non-binary LDPC codes can be put in wireless systems instead of binary
codes without impact in terms of latency or quality of service. Now, non-binary LDPC
codes have a great advantage: if one wants a greater protection (lower FER at lower
SNR) --- without changing the protocols and block lengths --- this can be obtained only
with non-binary codes at the expense of a slight increase in receiver complexity. This

can be seen as an additional feature that binary codes cannot provide.

1 We have verified that all desirable properties of coding schemes for wireless
transmissions that have been extensively studied during the last years for binary LDPC
codes also apply for non-binary LDPC codes. This is a great achievement, as we faced
several times the problem that generalization from binary to non-binary is usually non-
trivial. This includes robustness to fading (fast or block), ability to obtain rate-compatible

structures, and compliance with hardware parallel implementation.

1 Another important result is the particular advantage of using NB-LDPC codes in the
case of very high throughput transmission, that is when the number of information bits
per channel use needs to be large, through high-order modulations or MIMO schemes.
Although this was expected as being an advantage of non-binary codes, as stated in
the DoW of the DAVINCI project, the gains observed in a first stage, without real
expensive optimization, are quite promising. We will continue to investigate the

advantages of non-binary LDPC codes in the future.

1.3.3 - Deliverables
All deliverables listed in the DoW have been delivered.

Table 6: WP4 deliverables.

. Delivery

No. Title Leader Due date date
Benchmark Non Binary LDPC codes:

D4.1 Report and Software for the benchmark ENSEA M6 M6

decoder (C-ANSI)

D4.2 Low-Density Parity-Check Codes for WISER M18 M18

’ non-ergodic Block-Fading Channels
Structure and performance of
D4.3 generalized NB-LDPC codes ENSEA M18 M18
Optimized NB-LDPC construction:
D4.4 report and new codes for the ENSEA M18 M21

consortium

D45 Constrained NB-LDPC co_des for ENSEA M24 M24
Hardware implementations

Information theoretic solution to the
D4.6 optimization of NB-LDPC codes for WISER M30 M30
finite length imperfect transmission
Flexible coding schemes for rate and
D4.7 block length adaptation, based on NB- ENSEA M30 M28
LDPC

Performance Evaluation of the Different
D4.8 DAVINCI codes ENSEA M30 M30
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1.3.4 - Foreground, Exploitation, and Dissemination

Table 7 provides the list of publications outcome of the work conducted in WP4. Besides, it is
worth noting the participation of WP4 in the organization of two dissemination events of the
DAVINCI project, 1) DAVINCI-NEWCOM++ workshop at the ICT mobile summit, Santander,

Spain, June 2009, and 2) DAVINCI special session on "modern channel coding" at the

European wireless conference, April 12-15 in LUCCA, ltaly.

Table 7: WP4 dissemination.

International Conferences

J. J. Boutros, A. Guill ®n i F -ddmsitye ppatys

2008.

[l check codes for nonergodic block-f adi ng channel so Ongoing
S. Pfletsc hi nger , D. Decl ercgq, ifGett i ngBinary

[l Codes and Spatial Mul ti plexingo, | EEE Accepted
| . Andriyanova, J. J. Boutros, E. Bi gl

[2] | LDPC codes for transmission over non-ergodic block-f adi ng ¢ hanne| Published
Wireless, Lucca, Italy, 12-15 April 2010

3] Auguste Venkiah and Charly Poulliat, "Some New Results on LT and Raptor Published
Codes", European Wireless, Lucca, Italy, 12-15 April 2010
I.Andriy anov a, J. J. Boutros, E. Biglieri, .

[4l ofroot-LDPC codes o6, UriohtSeminaraMarclo20E0] Z Published

[5] W. Chen, C. Poulliat, D. Declercq et al., "Structured High-Girth Non-Binary Cycle Published
Codes", in the proc. of APCC'09, Shanghai, China, October 2009.
W. Chen, C. Poulliat, D. Declercq, L. Conde-Canencia, A. Al-Ghouwayel and E.

[6] Bout i | |-Bimay LOPN €ades defined over the General Linear Group: Finite Published
Length Design and Implementation Issueso , in the proc.
Session FP7-ICT-RAS-Cluster), Barcelona, Spain, June 2009.
J . Boutros, G. Z®mor , A. Gui |l I ®n -densky”

[7] | codes with BCH constituents for full-diversity near-outage perfor ma n ¢ e 0 ,| Published
ISIT, Toronto, Canada, 6-11 July 2008.
J . Boutros, G. Z®mor , A. Gu i -divemity productF

[l |[lcodes for bl ock erasure and bl oc k9 Mag | Published

1.3.5 - Person-Months Effort

Table 8 gives the person-months efforts spent by the different partners involved in this WP.
Overall, we can appreciate a percentage of spent to planned efforts of nearly 104%, reflecting a

good alignment of spent and planned efforts. ENSEA partner is found to be the most

of

overspending due to ENSEAO6s | eadership
Table 8: WP4 person-months effort.
WP4 all partners (ENPgE A) (Sgé) (WFI)SIZR) Total
planned 46 6 15 67
WP4 reported 50.85 2 16.81 69.66
delta -4.85 4 -1.81 -2.66
planned 3 3
T4.1 reported 6 6
delta -3 -3
planned 2 2 8 12
T4.2 reported 0.55 0.35 8.66 9.56
delta 1.45 1.65 -0.66 2.44
T4.3 planned 25 25
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reported 29.7 29.7
delta -4.7 -4.7
planned 3 3
T4.4 reported
delta 3 3
planned 12 2 4 18
T4.5 reported 14.6 1.55 4.7 20.85
delta -2.6 0.45 -0.7 -2.85
planned 1 2 3 6
T4.6 reported 0.1 3.45 3.55
delta 1 1.9 -0.45 2.45
WP4 all partners (ENPgE A) (Sgg) (\NFl)géR) Total

1.4 - WP5: Link level technologies

1.4.1 - Objectives

The main scope of this WP is to develop link-level technologies specifically suited for
multicarrier systems that use the NB-LDPC coding scheme as the channel coding technique.
This includes:

9 the study and the selection of adaptive coding schemes and modulation constellations
for high-speed wireless channels;

1 the study and the derivation of novel algorithms for iterative channel estimation and
equalization, bboads epdr ionnc itphlee ;i t ur

1 the development and the optimization of ARQ/H-ARQ with incremental redundancy
strategies in combination with NB-LDPC coding;

1 the evaluation of the NB-LDPC coding scheme from the perspective of admission
control performance and quality-of-experience assessment;

1 and the analysis and the derivation of link adaptation strategies for NB-LDPC-coded

multicarrier systems over time-varying frequency-selective channels.

1.4.2 - Major Achievements
WP5 major achievements are given below per each task:

9 Task 5.1: Selection of adaptive coding schemes and modulation techniques suitable to

high-speed wireless channels:

o Study of the impact of different constellations mapping on the system

performance;

0 Selection of a set of modulation and coding schemes to perform adaptive

coding and modulation;
o Preliminary solution for the case of block-fading wireless channels.

I Task 5.2: Development of Iterative (turbo) algorithms for channel estimation and

compensation:

o Comparison among fi @ided [2A) techoiques| add Adcaoct dae

awareo approaches to perform synchronization
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(o]

Study of iterative (turbo) algorithms for estimation and equalization of
frequency-selective wireless transmission channels, including hard, soft, and

low-complexity versions;

Implementation of a software simulation platform for the proposed algorithms.

1 Task 5.3: Optimization of H-ARQ techniques with new codes:

(0]

(0]

(o]

Selection of modulation and coding schemes for constant transmission unit
(number of QAM symbols), constant message (packet) length, and punctured

codes;
Derivation of frequency-selective adaptation (cross-layer oriented bit-loading);

Derivation of optimal and low-complexity adaptive H-ARQ techniques.

1 Task 5.4: Evaluating QoE of multimedia services:

(o]

(0]

Performance evaluation of QOE, including a proposal for additional key

performance indicators for enhanced WiMAX systems;

Preparation of an ontology-based measurement architecture for combined

subjective/objective QoS/QoE evaluation;

Development of a simulation platform.

I Task 5.5: Fully-non-binary link adaptation strategy:

(o]

Study and implementation of variable-power and equal-power waterfilling
techniques for NB-LDPC-coded systems in the case of perfect CSl,;

Study and implementation of the multilevel water-filling algorithm, using both

horizontal and vertical scheduling, and both perfect and partial CSI.

1.4.3 - Deliverables
All deliverables listed in the DoW have been delivered. Besides, WP5 provided three additional

internal reports, namely IR5.1.1 ANireless Channel Modelingd |R5.1.2 fVlapping/Demapping

Techniqueso ,

&5 3WP Technical Reporta

Table 9: WP5 deliverables.

No. Title Leader Due date DS
date
Selection of Adaptive Coding Schemes
D5.1.1 and Modulation Techniques to Wireless WISER M15 M15
o Channels Suitable to High-Speed
Wireless Channels
Development of Iterative (turbo)
D5.2.1 | Algorithms for Channel Estimation and WISER M24 M24
Compensation
D5.3.1 Optimization of H-ARQ technigues with CcTTC M24 M24
New Codes
D5.4.1 Evaluatiqn cri'geria fo_r QoE of TTI M24 M24
multimedia services
D5.5.1 All non-binary link adaptation strategy ENSEA M24 M24
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1.4.4 - Foreground, Exploitation, and Dissemination
Table 10 lists the outcomes of WP5 in terms of dissemination. It is worth highlighting that three
journal papers are under preparation, showing the interest of partners to disseminate their

results beyond the funding period of the project.

Table 10: WP5 dissemination.

Journals and Letters

S. Pfletschinge r D. Decl er c ARQ WMthnoNavaar v, L BP
in preparation (target: journal paper)

Moni ca Navarro, Stephan Pfl et fanhExpresson |
[0] | for the Packet Error Probability in Type lHARQ Sc h e mettad ,to IEEEH Ongoing
Transactions on Wireless Communications, May 2010
A FIlizi kowski, W. Hogubowi cz, iQo S E:
technologies -t h e case of mobil e Wi MAXDo, Th
Computing and eScience, Special Section, Future Generation Computer Systems,
Elsevier 2010

Giuseppe Cocco, Stephan Pfletschinger, Monica Navarro, Christian Ibars Casas,
AOpportunistic adaptive tr ans mi-béary IDRFC
codeso, accept e dourmat on BAUr&essS ICédmmunications and
Networking, July 2010.

[0] Ongoing

[0] Ongoing

[1] Accepted

International Conferences

[1] G. Boccolini, | .-Raté Equal-Power Waterfilivgafor NeniBinagy
LDPC Coded Multicarrier systemso | E E E Septl 201R C

G. Bacci, M. Della Maggiora, M. Luise, "Iterative channel estimation for non-binary
LDPC-coded OFDM signals", in Proc. IEEE Int. Workshop on Signal Processing
Advances for Wireless Communications (SPAWC), Marrakech, Morocco, June
2010

G. Bacci , M. Del | a Maggi Aidea JteraMe Channel Estimatiof
[3] | for OFDM Signals with Non-Bi nary L DPC P®o.dusetse Networkn& | Published
Mobile Summit, Florence, Italy, June 2010.

A. Flizi kowsKki, M. Maj ews ki , M. Przyb
[4] | of VoIP over IEEE 802.16 networks with DaVinci codes using E-model”, Future | Published
Network & Mobile Summit, June 2010

[5] S. Pfletschinger, M. Navarro, "Link Adaptation with Retransmissions for Non-Binary
LDPC Codes", Future Network & Mobile Summit, June 2010

[6] G. Boccolini, . Fijal kow, i A dbingry LDP@
coded ORFubM bletwork & Mobile Summit, June 2010
G. i &kdrowski , H. Gi er s z-ARQ, TechviquesHfor gWirblessv
Systems with Punctured Non-Bi nar vy LDPC as FEC G
Conference on Computer, Electrical, and Systems Science, and Engineering,
Paris, 28-30 June 2010
G Januszkiewicz, G. Bacci, H. Gierszal, M. Lu i s e , -Aifie€ dwbe Channel
Estimation for OFDM Systems with NB-L DPC Codes, 0 I nterna
Computer, Electrical, and Systems Science, and Engineering, Paris, June 28-30,
2010
(] S. Pfletschi nger , M. Navarr o, Aiversatil e
I nf or mEEE @M Gape Town, South Africa, 23-27 May 2010.
S. Pfl etschinger, M. Navarr o, AAdapt.
[10] | International ITG Conference on Source and Channel Coding (SCC), Siegen, | Published
Germany, 18-21 Jan. 2010.
A. FI'izi kowski, M. Przybyszewski, S.
[11] | control and system capacity assessment of WiMAX with ACM and nb-LDPC codes | Published
- simulation studywit h Vi MACCS ns?2 patch, 0 Al NA2(

National Conferences

G. Kiedrowski, H. Gierszal, W. H o -§inaty d
[1] |ILDPC codeso, Nati onal Conference on H Published
KKRRIT 2009, 17-19 June 2009, Warsaw, Poland (in Polish)

A. FIlizi kowsKki, R. Kozi k, H. Gi €r- D3R
platform for research of call admi ss
Conference on Radiocommunications and Broadcasting, KKRRIiT 2009, 17-19
June 2009, Warsaw, Poland (in Polish)

Accepted

(2] Published

Published

Published

[7] Published

(8] Published

Published

[2] Published
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A. Flizi kowsKki, R. Kozi k, H. Giersza

3] simulation platform based on ns-2 and DSP i dth drgernational g Published
Conference on Broadband Communication, Information Technology & Biomedical
Applications (BroadBandCom '09), 15-18 July 2009. Wroclaw, Poland
H. Gierszal W. Hogubowicz, G.-Binky eDPC

[4] Coding for IMT-Advanced 8th éintereatianal Conference on Broadband Published
Communication, Information  Technology &  Biomedical  Applications
(BroadBandCom '09), 15-18 July 2009, Wroclaw, Poland.
G. Kiedrowski H. Gierszal W. Hogdubo

[5] | example of high performance non-bi nary LDPCOo, 12t h N{ Published
Radio Science, URSI, Warsaw, Poland, 16-17 June 2009.
G. Januszki ewicz, H. Gierszal, W. H

6] Al gorithm for OFDM Systems wusi ngiT ROA® | Published
Cracow, 16-18 June 2010
G Kiedrowski, H. Gi er sz al OAdaptive Coding an .

71 using Non Binary LDPC Codesl8dundkRIRRI T 3 Published

1.4.5 - Person-Months Effort
Table 11 gives the person-months efforts spent by the different partners involved in this WP.

Overall, the percentage of spent to planned efforts approaches 97% reflecting a good alignment

with the original plan. Whilst WISER partner (leader of this WP) experiences an overspending,

other partners CTTC and ITTI show underspending mainly due to the limited period of this WP
(started late and closed early at PM24). The efforts of CTTC and ITTI in WP5 for the Year 2010
have been distributed across WP2 and WP7.

15-

Table 11: WP5 person-months effort.

WP5 all partners (ENPgE A) (CF')I'QI'GC) (WFI)géR) (E'QI'SI) Total
planned 12 25 20 39 96
WP5 reported 11 20.33 25.67 35.92 92.92
delta 1 4.67 -5.67 3.08 3.08
planned 4 12 5 21
T5.1 reported 1.9 9.38 6.67 17.95
delta 2.1 2.62 -1.67 3.05
planned 3 12 7 22
T5.2 reported 0 16.6 5.6 22.2
delta 3 -4.6 14 -0.2
planned 13 7 20
T5.3 reported 10.95 5.98 16.93
delta 2.05 1.02 3.07
planned 3 25 28
T5.4 reported 2.4 24.34 26.74
delta 0.6 0.66 1.26
planned 5 5
T5.5 reported 9.1 9.1
delta 4.1 -4.1
WP5 all partners (ENPgE A) (CF.)|9|_6C) (\NFI)SIZR) (::')I'(?I'SI) Total

WP6: Adequacy algorithm architecture

1.5.1 - Objectives
The goal of this WP is to perform a coherent interface between WP4 (algorithm definition), WP5

(link level definition) and the conception of a FEC that will be included in WP3. In fact,
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experience shows that in the domain of FEC, the code definition and the architecture

conception are closely related and have to be defined jointly.

Using the experience of classical LDPC design, five hot points should be solved in order to

perform a good design:

i Find a way to reduce the computational complexity with an acceptable loss of
performance;
Reduce the total amount of memory using an adequate iterative scheduling;
Avoi d memory conflict access using a AVLSI frien
Versatile code, i.e., being able to decode several sizes and rates with no significant
over cost;

1 Find the optimal internal precision of the decoder.

The efficiency of these 5 points is directly related to the structure of the code and both code and

architecture have to be design jointly.

In order to demonstrate the quality of DaVinci codes and being able to convince a
Standardization Committee, three types of design are targeted: one in FPGA, one in ASIC and
finally, one in ASIP. All of them are complementary. Moreover the performance of the FPGA

implementation should be measured through a specific hardware emulation system.
WP6 had the following main objectives:

1 Study and propose a sub-optimal decoding algorithm for Non-Binary code for FGPA
(D6.1) and ASIC technological target (D6.3).

1 Implement the DAVINCI decoder in FPGA architecture and validate it by hardware
emulation (D6.2). This FPGA implementation is also used for the demonstrator of WP3
(see D3.2 and D3.3).

1 Study the extension of an ASIP architecture dedicated for LDPC and turbo code to the
case of NB-LDPC.

1.5.2 - Major Achievements
With respect to the above objectives, the following key points have been achieved:

1 We showed how to implement DAVINCI decoder in finite precision and how to trade-off

performance and complexity.

1 We proposed an efficient ASIC implementation of DAVINCI decoder, and specifically on
a 45 nm technology node.

1 Two major improvements have been done on the Elementary Check Node architecture
(L-bubble for serial implementation, and another one for parallel implementation). Those

two improvements have been patented and validated.

1 In order to find the best performance/complexity trade-off, we applied two already
published methods (Reduced Monte Carlo Simulation, hardware emulation) and we
al so proposed (and published) an or i gdtenal irol e

rapidly the degradation introduced by the sub-optimality of an algorithm. This method is
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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.

1 We have developed a hardware discrete channel emulator that allows 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 to develop this emulation environment was challenging
(WEB server on an embedded Power PC inside the FPGA) and will be reused for other

work related to cognitive radio.

1 We have also studied the feasibility of mapping a non-binary LDPC decoder onto an
advanced FEC ASIP (originally suited for binary turbo and LDPC decoding). Starting
from the original architecture, the possible extensions have been detailed and the trade-
offs presented. As for the selected architecture, the instruction set, datapath and
memory hierarchy was detailed. Area and power estimation were performed (based on

a commercial 65nm LP technology) and throughput optimizations presented.

1.5.3 - Deliverables
All deliverables listed in the DoW have been delivered.

Table 12: WP6 deliverables.

Delivery

No. Title Leader Due date
date

Adapt the already existing
D6.1.1 simplifications on LDPC GF(2"q) to UBS M6 Mé
DaVinci codes

D6.1.2 Proposal of a new decoding algorithm UBS M9 M9
" for DAVINCI codes
Fixed Point implementation of the Non
D6.1.3 Binary LDPC codes UBS M11 M11
D6.2.1 Developmen_t of the emulation UBS M12 M12
environment
D6.1.4 | Final version of new decoding algorithm UBS M18 M18
Develop the generic VHDL for FPGA UBS M24 M24
D6.2.2 .
synthesis
D6.3 Find specific optimization parameters STM M24 M24

for VLSI implementation

D6.2.3 Performance Measuremer}t of DAVINCI UBS M30 M30
code by Emulation

D6.4 Development on an ASIP IMEC M30 M30

1.5.4 - Foreground, Exploitation, and Dissemination

Table 13 lists the outcomes of WP6 in terms of foreground and exploitation, and dissemination.
In addition to the results shown below, WP6 participated to the first DAVINCI workshop at the
ICT Mobile Summit 2009, and the second workshop with DAVINCI demonstration at the Future
Network and Mobile Summit 2010. Furthermore, WP6 contributed to the internal report IR7.2.3

providing examples on potential commercial exploitation of DAVINCI results.
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Table 13: WP6 foreground and dissemination.
Foreground and Exploitation

[1] STM, AParall el CN p rRatent applioation Ba. tNRIi 956802t Filed
filed September 2009.

[2] UBS, @ HNm@&dusive licence sold to a third party, September 2009. Filed

3] E. Boutillon, L. Conde-Canenci a, AfiBubbl e Check, n Filed
DaVinci codesodo, nAFR0952988, 5 May 20(

Journals and Letters

[0] Al i Al Ghouwayel, Emmanuel Boutill on, Onaoin
binary LDPCdec oder so, to be submitted t.o | EH going
A. Singh, A. AkGhouwayel, G. Maser a, E. Bou

[1] | Evaluation Metric for Sub-Opt i mal lterative D e tEBH| Accepted
Communications Letters.
E. Boutillon, L. Conde-Canenci a, ABubbl e check:

[2] | elementary check node processing in Extended Min-Sum non-binary LDPC | Published
decoderso , | EE EI e c,Val. d6noc, pb. 633634 r29th April 2010.

International Conferences

Emmanuel Boutillon, Yangyang Tang, Cédric Marchand and Pierre Bomel,

[1] "Hardware Discrete Channel Emulator”, The 2010 International Conference on Published
High Performance Computing & Simulation (HPCS 2010), Caen, France, June 28 -
July 2, 2010.
Cyrille Chavet, Philippe Coussy, "A memory mapping approach for parallel

[2] | interleaver design with multiples read and write accesses", |IEEE International | Published
Symposium on Circuits and Systems (ISCAS'2010), Paris, France, 30 May 2010.
E. Boutillon, L. Conde-Canenci a, ASimplified check

[3 |[LDPC decoder so, 6t h I nternational Sy| Published
information processing, Brest, France, 6-10 September 2010.
L. Conde-Canencia, E. Boutillon, A. Al-Ghou way el , ACompl exi

[4] [nonbi nary L DPC IGT-#lobdeSenmi 8009, Santander, Spain, 10-12 | Published

June 2009.

1.5.5 - Person-Months Effort
Table 14 gives the person-months efforts spent by the different partners involved in this WP.

Overall, the percentage of spent to planned efforts approaches 116% reflecting an

overspending of 16% mainly from UBS partner, leader of this WP and heavily involved in the

different tasks undertaken to meet the objectives.

Table 14: WP6 person-months effort.

WP6 all partners (ENPgEA) (g'I(')I‘\?)/I) (Sgg) (||\F/)|(|)55C) Total
planned 6 12 32 9 59
WP6 reported 6 12 41.3 9 68.3
delta 0 0 -9.3 0 -9.3
planned 3 14 17
T6.1 reported 3 14.05 17.05
delta 0 -0.05 -0.05
planned 3 17 20
T6.2 reported 3 26.8 29.8
delta 0 -9.8 -9.8
planned 12 1 13
T6.3 reported 12 0.25 12.25
delta 0 0.75 0.75
planned 9 9
T6.4 reported 9 9
delta 0 0
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P02

WP6 all partners (ENSEA)

P03 ‘ P04 ‘ P05

(STM) | (UBS) | (IMEC) ‘ Total ‘

1.6 - WP7: Exploitation and dissemination

1.6.1 - Objectives

The main purpose of this WP is the dissemination of the achieved results within the scientific
and technical community. This includes publications in journals and conferences, workshops,
demonstrations, seminars, standardization bodies and the project website. These activities also
aim at promoting European technology and advocate the adoption of key technology for future

wireless products and standards.

1.6.2 - Major Achievements

The following major achievements have been produced by this WP:
1 Organization of workshops

0 Waorkshop on Channel Coding and Cooperation in Wireless Communications, at
ICT-MobileSummit in Santander, June 2009

0 Special Session on Modern Channel Coding at European Wireless in Lucca,
April 2010

o Demonstration of decoder implementations at Future Network & Mobile Summit

in Florence, June 2010
1 Contribution to RAS cluster and RAS workshop
0 RAS One-year workshop, 17 Feb. 2009 in Brussels: project presentation
0o RAS workshop at IEEE VTC Spring in Barcelona, April 2009: technical paper
and presentation
1 Links with NoE NEWCOM++
o0 Joint organization of workshop
o Participation in NEWCOM workshop in Barcelona, March 2009
1 Identification of potential commercial exploitation and valorisation of the work conducted
in the DAVINCI project

1 Identification of relevant standards and future systems to promote DAVINCI
technologies (e.g. IEEE 802.11ac/ad standards, UDTV systems) as alternatives to
initially targeted standards (IEEE 802.16m and 3GPP LTE).

Some 40 papers have been published during the lifetime of the project (see section 2.4 -).
Several publications, especially journal papers, are under review or in preparation, which shows

that the project attracts significant interest beyond the funding period.

1.6.3 - Deliverables
All deliverables listed in the DoW have been delivered on time or with very short delay.

Moreover, an additional internal report, IR7.23 A Some expl oitation desults

p r o j, leas heén elaborated to reflect the outcomes with respect to commercial exploitation.
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Table 15: WP7 deliverables.

No. Title Leader Due date Dzllvery
ate
Plan for the use and dissemination of CTTC M4 M4
D7.1.1 ;
foreground, issue 1
D721 Standardization & Regulatory plan, SEUK M11 M11
- issue 1
D7.3.1 Winter School/Workshop CTTC M14 M14

D7.1.2 Plan for the use and (_jlssemlnatlon of CcTTC M16 M16
foreground, issue 2

Standardization & Regulatory plan, SEUK M23 M23
D7.2.2 .
issue 2
D7.3.2 Winter School/Workshop CTTC M26 M26

1.6.4 - Foreground, Exploitation, and Dissemination

WP7 was mainly involved in the organization of the two DAVINCI workshops, at ICT Mobile
Summit 2009 and Future Network and Mobile Summit 2010, respectively. Posters promoting the
DAVINCI achievements were also presented. Furthermore, WP7 produced an extra report to
reflect some of the potential exploitation results of DAVINCI in the form of (1) protection of
proprietary technology developed during the course of the project in view of their potential
adoption in future standards and systems; (2) licensing software and hardware technologies to
industrial parties; (3) establishing new collaboration agreements; and (4) studying potential

markets for products integrating DAVINCI technologies.

1.6.5 - Person-Months Effort

Table 16 gives the person-months efforts spent by the different partners involved in this WP.
Overall, the percentage of spent to planned efforts approaches 150% reflecting an
overspending of 50% mainly from CTTC partner. This is because CTTC carried on RTD activity
related to WP5 in 2010 after WP5 completion in 2009, and reported the corresponding efforts
under WP7. Without CTTC overspending due to WP5 activity, WP7 would have reached a

percentage of 103% reflecting a good alignment with the initial plan.

Table 16: WP7 person-months effort.

WP7 all partners (SPE(EJlK) (EI\PngEA) (g%?;l) (Sgg) (Il\le(I)ESC) (CPTOTGC) (wlljgéR) (mﬁ) Total
planned 1 2 2 1 8 8 1 3 16

WP7 reported 1.66 3.45 1.88 0.75 225 | 10.37 1.05 | 252 | 23.93
delta -0.66 -1.45 | 0412 | 025 0.75 -7.37 -0.05 | 048 | -7.93

planned 0.43 2 2 1 15 1 3 | 10.93

T7.1 | reported 0.1 3.45 1.88 0.75 2.25 8.72 252 | 19.67

delta 0.33 -1.45 | 0412 | 025| -0.75 -7.72 0.48 | -8.74

planned 0.43 1 1.43

T7.2 | reported 1.56 1.05 2.61

delta -1.13 -0.05 -1.18

planned 0.14 1.5 2 3.64

T7.3 | reported 0 0 1.65 1.65

delta 0.14 15 0.35 1.99

WP7 all partners (SFI)E?JlK) (EEgZEA) (g'l(')l?/l) (Sgg) (||\Ij|(|)§:) (CPTOTBC) (WITgI;R) (ﬁ(ﬁ) Total
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2 - Overall Project Management Details

This chapter summarizes the major tasks undertaken in WP1 for the management and

coordination of the project together with a summary of the overall project management details in

terms of deliverables, dissemination outcomes, key meetings and events, person-months

efforts, and budget issues.

2.1 - WP1: Project Management and Coordination

2.1.1 - Objectives

The following major objectives are targeted by WP1 as specified in the DoW:

1 Objective 1 A Manage the whole project according to the Grant Agreement with the

EC and the Consortium Agreement between DAVINCI partners.

1 Objective 2 A Monitor the overall technical direction and coordination of the project.

1 Objective 3 A Represent the project towards the EC and external assemblies.

1 Objective 4 A Support the exploitation of the project outcomes and dissemination at

international conferences and events.

2.1.2 - Major Achievements
The following major tasks have been achieved in line with the above objectives:

9 Towards Objective 1 A

0 Management Handbook giving all necessary information related to project

organization and leadership functions, project portal with details on the use of

management and reporting tools, milestones and templates for reporting, etc.

0 Management tools provided for successful collaborative work and

communication amongst the partners:

A

A
A

Shared workspace on BSCW server created, organized, populated,

and kept updated and structured.

Reporting tool organized and managed for effective tracking of

technical activities, efforts, and expenditures at the task level.

Portal website created, filled in with contents from Annex | of the Grant

Agreement, and regularly updated.
Mailing lists for GA, Board, PMT, WPs, and tasks.

Audio conference slots made available on WP level.

0 Legal and financial issues:

A

Concluding legal Agreements and sharing key legal and financial

documents with the whole consortium.
Budget breakdown/distribution, money transfer, and financial records.

Support the consortium for the periodic cost claims in accordance with

EC guidelines and Grant Agreement.

9 Towards Objective 2 A
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Analyzing the activity of the consortium in terms of technical outcomes,
organization, milestones, and providing alternatives for steering future
directions. This is captured in:

A 10 quarterly management reports detailing the progress status in every

quarter during the lifetime of the project.

A 3 deliverables, D1.2, D1.3, and D1.4, evaluating the progress status of
the project for 2008, 2009, and final achievements in this deliverable
D1.4.

A 5 General assembly meetings, together with quarterly board and PMT

teleconferences reporting on the progress and setting new directions.

A 2 periodic reports detailing the achievements at the first and second

reporting periods.

9 Towards Objective 3 A

(0]

(o]

Delivery of contracted deliverables with status and reason of delays if any.

Delivery of quarterly management reports (QMR) to the EC reflecting the
project progress towards objectives.

Technical annex amendment requests from partners (e.g. type of deliverables,

delivery time, sub-contracting, etc.).

Coordination for all the necessary arrangements requested for the project
technical reviews at the EC (including periodic reports and review
presentations, and all materials requested to enable the review by the EC

reviewers).

Successful completion of the EC project review on 06 March 2009 for the first
reporting period (2008) of DAVINCI project.

Coordinate for active participation of the project to the RAS cluster and EC

concertation meetings and events.

9 Towards Objective 4 A

(o]

Support the planning and organization of the DAVINCI workshops in 2009 and
2010 and promoting DAVINCI at the RAS cluster workshop in 2009.

Support all dissemination activities including the potential promotion of
DAVINCI into relevant standardization bodies: 3 contributions sent to the RAS
cluster in this respect, p r ee eetworksdto

standardization: FP7 programo at the

Drive an extra report (IR7.2.3) showing potential commercial exploitation of

DAVINCI results by some key partners in the consortium.

2.1.3 - Deliverables
All deliverables listed in the DoW have been delivered on time or with very short delay. Besides,

10 quarterly management reports have been timely submitted to the EC, with 2 periodic reports

for the technical review of DAVINCI.
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Table 17: WP1 deliverables.
No. Title Leader Due date Dzllvery

ate

D1.1 iWebsite of the SEUK M1 M1

D1.2 Evaluation of Progress Status of the SEUK M11 M11
) project, issue 1

D13 Evaluation of _Prog_ress Status of the SEUK M23 M25
project, issue 2

D1.4 Final Project Report SEUK M30 M30

2.1.4 - Person-Months Effort

Table 18 gives the person-months efforts spent by SEUK (coordinator of the project). Overall,
the percentage of spent to planned efforts approaches 93% reflecting a good alignment with the
original plan. It is noteworthy that the figures below do NOT include the efforts spent by the
coordinator after June 2010, official end term of DAVINCI, for all the reporting and

arrangements in preparation for the final technical review of DAVINCI.

Table 18: WP1 person-months effort.

WP1 all partners (SFI)E?JlK) Total
planned 12 12
WP1 reported 11.11 11.11
delta 0.89 0.89
planned 12 12
T11 reported 11.11 11.11
delta 0.89 0.89

WP1 all partners (SPE?JlK) Total

2.2 - Milestones

The DAVINCI milestones set in the DoW and corresponding status are presented below. Only
milestone M5 is partially achieved, where new link level technologies from WP5 are
implemented in WP2 platforms, but corresponding implementation in the WP3 demonstrator

turned out to be unrealistic in the project lifetime.

Table 19: DAVINCI milestones.

Due Achieved Actual
No. Name WP Leader date Yes/No date Comments
Validity of the wgi Successful use of
M1 benchmark non- WP5’ ENSEA M7 Yes V M7 codes in WP2,
binary LDPC codes ' WP5 and WP6
WP6
Completion of tasks
planned by M12 in WP1 All deliverables
M2 view of periodical + Al SEUK M13 Yes V M13 have been
Commission project delivered on time
assessments
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Feasibility of the Complexity
hardware WP4, evaluation of the
M3 implementation of WP6 UBS M14 YesV M13 coding schemes
DaVinci codes presented by UBS
Compatibility of the First use of the
new non-binary code wpz, code models in
M4 . WP3, IMEC M20 Yes V M20
structure with the platforms and
WP4 :
demonstrators simulators
Compatibility of the Implementation of
new link level WP2, Partial Yes new link level
M5 technologies with WP5 IMEC M20 \% M24 technologies in
demonstrators WP2 simulators.
Completion of tasks
planned by M24 in .
M6 | viewof periodical | "L | SEUK | M25 Yes V ms | Al deliverables
- . + All delivered on time
Commission project
assessments
Comparison with
other solutions
Improvement of the lhﬁ;.?ﬁgii?}égéh;u t
M7 DAVINCI system All ENSEA M26 Yes V M26 also showing the
compared to SoA ving
potential of
DAVINCI codes
with MIMO
wez, Final
M8 Final Proot of WES | SEUK | M30 Yes V M30 | Demonstration
P WP with IEEE 802.11n

2.3 - Deliverables and Internal Reports

All deliverables listed in the DoW have been delivered on time or with very short delay, as

shown in Table 20. Overall, 46 deliverables have been duly delivered to the EC. This is in

addition to 8 internal reports presented in Table 21.

Table 20: DAVINCI deliverables.

. Due . Actual
Nat | Security . Delivery :
No. Name WP | Leader ure level delivery Yes/No delivery
date date
WP1 (Total = 4)
D1.1 fiwebsite |ywp| seuk | O PU M1 Yes V M1
project
Evaluation of
D1.2 Progress Status of WP1 | SEUK R Cco M11 Yes V M11
the project, issue 1
Evaluation of
D1.3 Progress Status of WP1 | SEUK R CcO M23 YesV M25
the project, issue 2
D1.4 Final Project Report | WP1 | SEUK R PU M30 Yes V M30
WP2 (Total = 8)
D2.2.1 | HinkLevel Bvaluation, | \vps | crre | R PU M11 Yes V M19
issue 1
D2.3.1 System Level WP2 | SEUK | R PU M11 Yes V M19
Evaluation, issue 1
Proposals for IMT-
D2.1.3 Advanced systems, WP2 | SEUK R PU M18 Yes V M18
issue 1
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D2.1.4

Final Proposal for
IMT-Advanced
Systems

WP2

SEUK

PU

M23

Yes V

M24

D2.2.2

Link Level Evaluation,
issue 2

WP2

CTTC

PU

M23

Yes V

M24

D2.3.2

System Level
Evaluation, issue 2

WP2

SEUK

PU

M23

Yes V

M24

D2.2.3

Link Level Evaluation,
issue 3

WpP2

CTTC

PU

M30

Yes V

M30

D2.3.3

System Level
Evaluation, issue 3

WpP2

SEUK

PU

M30

Yes V

M30

WP3 (Total =

D3.1.1

Gate netlist for 45nm
Asic: report showing
area, timing and
memory percentage
and gate count

WP3

ST™M

(6{0]

M28

Yes V

M28

D3.1.2

Place &Route
benchmarking : report
showing P&R and
describing % of
density of gates

WP3

ST™M

(60]

M28

Yes V

M28

D3.1.3

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

WP3

ST™M

PU

M30

Yes V

M30

D3.2

Synthesis and
mapping report
(FPGA)

WP3

UBS

PU

mM27

Yes V

M27

D3.3.1

Wireless
demonstrator
specification

WP3

IMEC

PU

M21

Yes V

M21

D3.3.2

Wireless
demonstrator
description and test

WP3

IMEC

PU

M30

Yes V

M30

WP4 (Total =

D4.1

Benchmark Non
Binary LDPC codes:
Report and Software

for the benchmark
decoder (C-ANSI)

WP4

ENSEA

RP

CcoO

M6

Yes V

M6

D4.2

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

Channels

WP4

WISER

PU

M18

Yes V

M18

D4.3

Structure and
performance of
generalized NB-

LDPC codes

WP4

ENSEA

PU

M18

Yes V

M18

D4.4

Optimized NB-LDPC
construction: report
and new codes for

the consortium

WP4

ENSEA

RP

(6{0]

M18

Yes V

M21

D4.5

Constrained NB-
LDPC codes for
Hardware
implementations

WP4

ENSEA

RP

CcO

M24

Yes V

M24

D4.6

Information theoretic
solution to the
optimization of NB-

WP4

WISER

R

PU

M30

Yes V

M30
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LDPC codes for finite
length imperfect
transmission

D4.7

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

WP4

ENSEA

PU

M30

Yes V

M28

D4.8

Performance
Evaluation of the
Different DAVINCI
codes

WP4

ENSEA

PU

M30

Yes V

M30

WP5 (Total =

D5.1.1

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

WP5

WISER

PU

M15

Yes V

M15

D5.2.1

Development of

Iterative (turbo)

Algorithms for
Channel Estimation
and Compensation

WP5

WISER

PU

M24

Yes V

M24

D5.3.1

Optimization of H-
ARQ techniques with
New Codes

WP5

CTTC

PU

M24

Yes V

M24

D5.4.1

Evaluation criteria for
QoE of multimedia
services

WP5

ITTI

PU

M24

Yes V

M24

D5.5.1

All non-binary link
adaptation strategy

WP5

ENSEA

PU

M24

Yes V

M24

WP6 (Total =

9)

D6.1.1

Adapt the already
existing
simplifications on
LDPC GF(27qg) to
DaVinci codes

WP6

UBS

PU

M6

Yes V

M6

D6.1.2

Proposal of a new
decoding algorithm
for DAVINCI codes

WPG6

UBS

CcOo

M9

Yes V

M9

D6.1.3

Fixed Point
implementation of the
Non Binary LDPC
codes

WPG6

UBS

CcOo

M11

Yes V

M11

D6.2.1

Development of the
emulation
environment

WPG6

UBS

CcOo

M12

Yes V

M12

D6.1.4

Final version of new
decoding algorithm

WPG6

UBS

PU

M18

Yes V

M18

D6.2.2

Develop the generic
VHDL for FPGA
synthesis

WPG6

UBS

CcO

M24

Yes V

M24

D6.3

Find specific
optimization
parameters for VLSI
implementation

WPG6

ST™M

CcO

M24

Yes V

M24

D6.2.3

Performance
Measurement of
DAVINCI code by
Emulation

WP6

UBS

PU

M30

Yes V

M30

D6.4

Development on an
ASIP

WP6

IMEC

R

PU

M30

Yes V

M30

WP7 (Total = 6)
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Plan for the use and
D7.1.1 dissemination of WP7 CTTC R PU M4 Yes V M4
foreground, issue 1

Standardization &

D7.2.1 Regulatory plan, WP7 | SEUK R Cco M11 Yes V M11
issue 1
Winter
D7.3.1 School/Workshop WP7 CTTC (0] 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

Standardization &

D7.2.2 Regulatory plan, WP7 | SEUK R Cco M23 Yes V M23
issue 2
Winter

D7.3.2 School/Workshop WP7 | CTTC O PU M26 Yes V M26

Overall total = 46

Table 21: DAVINCI internal reports.

No. Title Leader DEIER;
date
Performance Requirements and
IR2.1.1 Constraints for Targeted Systems SEUK M4
IR2.1.2 State of Art (SoA): Targeted Systems SEUK M6

comparison/Overview

IR3.1.1 PnR tool evaluatlo_n and ASIC decoder STM M21
architecture

IR5.1.1 Wireless Channel Modeling WISER M13

IR5.1.2 Mapping/Demapping Techniques WISER M13

IR5.3 WP5 Technical Report WISER M18

IR7.2.1 Standardization and Regulatory Plan, SEUK M11
Issue 1

Some exploitation results of the

IR7.2.3 DAVINCI project

SEUK M30

2.4 - Intellectual Property Rights and Publications

Table 22 gives the list of all intellectual property rights (IPR) and publications during the lifetime
of the project. In total, there are 4 intellectual property rights (IPR) filings, 3 journal papers, 28
international conferences, and 7 national conferences. Moreover, 6 journal papers and 2

international conferences are reported submitted or under preparation (cf. Table 23).

Table 22: DAVINCI dissemination during the project lifetime.

Foreground and Exploitation

A. Mour ad, . G u Mdthed for &apping @nd D& mappnly of Nonf
[1] | binary Symbol s in Dat a Co mmu n i catiart Na Filed
GB1009729.3, June 2010.

STM, AiParall el CN p rRatent applioation Ba. tNRIi 956802t

21 | filed September 2009. Filed

[8] |UBS, A HNb&&dusive licence sold to a third party, September 2009. Filed

[4] E. Boutillon, L. Conde-Canenci a, ABubbl e Check, M Filed
DaVinci codeso, nAFR0952988, 5 May 20d(
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Journals and Letters

Giuseppe Cocco, Stephan Pfletschinger, Monica Navarro, Christian Ibars Casas,
AOpportuni stic ada p etworkecoding wsingsnori-bénary LARC

[ codeso, accepted at EURASI P Journal Accepted
Networking, July 2010.
A. Singh, A. AkGhouwayel, G. Maser a, E. Bou

[2] | Evaluation Metric for Sub-Optimal Ilteratve Decoder s 0, a ¢EEE | Accepted
Communications Letters.
E. Boutillon, L. Conde-Canenci a, ABubbl e check:

[3] | elementary check node processing in Extended Min-Sum non-binary LDPC | Published
decoderso , | EE EI e c,Val. d&hnoc, pp.6334634r29th April 2010.

International Conferences

S. Pfl etschinger, D. Decl ercq, i G eBinary

[l Codes and Spatial Mul ti plexingo, | EEE Accepted

2] G. Boccolini, I. Fijalkow, fi V a r iRaté Eqeial-Power Waterfilling for Non-Binary Accepted
LDPC Coded Multicarrier systemsd , | E E E Septl 200R C P
Joan Bas, | smael Guti ®rrez, ALD®#C and MBI @

3] Codes with Channel Est i manternational @onfdren& MR Published
Wireless Communication, Networking and Information Security (WCNIS 2010),
Beijing, June 25-27, 2010.
A. Mour ad, | . Gutierrez, Sy st eBmanLLORCG .

[4] c o d eFaitare Network & Mobile Summit, June 2010. Published
I. Gutierrez, A. Mourad, J. Bas, S. Pfletschinger, G. Bacci, A. Bourdoux, H.

5] |Gi erszal, fi DBMngry NOPIC cddes:n Performance and Complexity | Published
A's s e s s riraturd Network & Mobile Summit, June 2010.

[6] A. Mourad, I. Guti errez, AiSystem Level Evalu Published
accepted at IEEE IPCCC conference, Arizona, 14-16 December 2009.
S. Pfletschinger, A. Mourad, E. Lopez, D. Declercq and G. Bacci, "Performance

[7] | Evaluation of Non-Binary LDPC Codes on Wireless Channels", in the proc. of ICT | Published
Mobile Summit, Santander, Spain, June 2009.
| . Andriyanova, J. J. Boutros, E. Bi gl

[8] | LDPC codes for transmission over non-ergodic block-f adi ng ¢ h a pear| Published
Wireless, Lucca, Italy, 12-15 April 2010

[9] Auguste Venkiah and Charly Poulliat, "Some New Results on LT and Raptor Published
Codes", European Wireless, Lucca, Italy, 12-15 April 2010
I. Andriyanova, J.J. Boutros, E. Biglieri, D. Decl er c q, AioOon bl ock .

[10] ofroot-LDPC codeso, lirinhtSeminaraMarcto 2001 Z Published

[11] W. Chen, C. Poulliat, D. Declercq et al., "Structured High-Girth Non-Binary Cycle Published
Codes", in the proc. of APCC'09, Shanghai, China, October 2009.
W. Chen, C. Poulliat, D. Declercq, L. Conde-Canencia, A. Al-Ghouwayel and E.
Bout i | |-Bimry LOPN €odes defined over the General Linear Group: Finite .

[12] ; - Published
Length Design and Il mpl ementati on Il ss
Session FP7-ICT-RAS-Cluster), Barcelona, Spain, June 2009.
J . Boutros, G. Z®mor , A. Gui |l I ®n -densky”

[13] | codes with BCH constituents for full-diversity near-out age per f or | Published
ISIT, Toronto, Canada, 6-11 July 2008.
J. Boutros, G. Z®mor , A. Gu i -divemity productF

[14] [codes for bl ock erasure and bl oc k9 Mag | Published
2008.
G. Bacci, M. Della Maggiora, M. Luise, "Iterative channel estimation for non-binary

[15] LDPC-coded OFDM signals", in Proc. IEEE Int. Workshop on Signal Processing Published
Advances for Wireless Communications (SPAWC), Marrakech, Morocco, June
2010
G. Bacci, M. Del | a MaAdpd Itenateve Chavinel Bstimatiore

[16] | for OFDM Signals with Non-Bi nary L DPC P@o.detwe Networkn& | Published
Mobile Summit, Florence, Italy, June 2010.
A. Flizikowski, M. Maj ews ki , M. Przyb

[17] | of VoIP over IEEE 802.16 networks with DaVinci codes using E-model", Future | Published
Network & Mobile Summit, June 2010

[18] S. Pfletschinger, M. Navarro, "Link Adaptation with Retransmissions for Non-Binary Published

LDPC Codes", Future Network & Mobile Summit, June 2010
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G. Boccolini, I . Fijal kow, fi A dhingry LDPE .
(19] coded ORFubM bletwork & Mobile Summit, June 2010 Published
G. Kiedrowski, H. Gi e rrAR®Q aTkchniqués for Mbrejessb
[20] Systems with Punctured Non-Bi nar vy LDPC as FEC G Published
Conference on Computer, Electrical, and Systems Science, and Engineering,
Paris, 28-30 June 2010
G Januszkiewicz, G. Bacci, H. Gierszal, M. Lu i s e, -Aifie@ dwbe Channel
[21] Estimation for OFDM Systems withNB-LDPC Codes, 0 I nterna Published
Computer, Electrical, and Systems Science, and Engineering, Paris, June 28-30,
2010
S. Pfl etschinger, M. Navarr o, AfiVer s 4 .
(221 | "1 ¢ o r mEEE 1@ @ape Town, South Africa, 23-27 May 2010. Published
S. Pfl etschinger, M. Navarr o, AAdapt.i

[23] | International ITG Conference on Source and Channel Coding (SCC), Siegen, | Published
Germany, 18-21 Jan. 2010.

A. Fliziko ws ki M. Przybyszewski, S. Grzeg
[24] | control and system capacity assessment of WiMAX with ACM and nb-LDPC codes | Published
-si mulation study with Vi MACCS ns2 pat

Emmanuel Boutillon, Yangyang Tang, Cédric Marchand and Pierre Bomel,
"Hardware Discrete Channel Emulator”, The 2010 International Conference on
High Performance Computing & Simulation (HPCS 2010), Caen, France, June 28 -
July 2, 2010.

[25] Published

Cyrille Chavet, Philippe Coussy, "A memory mapping approach for parallel
[26] | interleaver design with multiples read and write accesses”, IEEE International | Published
Symposium on Circuits and Systems (ISCAS'2010), Paris, France, 30 May 2010.

E. Boutillon, L. Conde-Canenci a, fi S k model pro€essmgl in mohbanary

[277 |LDPC decoderso, 6th I nternational Sy Published
information processing, Brest, France, 6-10 September 2010.
L. Conde-Canencia, E. Boutillon, A. AkGhouwayel, ACompl ex

[28] | non-bi nary L DP C IaT-®&MobdeSenmi 8009, Santander, Spain, 10-12 | Published
June 2009.

National Conferences

G. Ki edrowski, H. Gierszal , W. H o -Binaty ¢

[1] |ILDPC codeso, Nati onal Conference on H Published
KKRRIT 2009, 17-19 June 2009, Warsaw, Poland (in Polish)
A. Flizikowski, R. Kozik, H. Gi er sz al , W. Ho g u b e2w-i OSP

2] platform for research of call admi ss Published
Conference on Radiocommunications and Broadcasting, KKRRIiT 2009, 17-19
June 2009, Warsaw, Poland (in Polish)
A . Fli zi kowski , R. Kozi k, H. Gierszal,

[3] simulation platform based on ns-2 and DSP i dth drgernational g Published
Conference on Broadband Communication, Information Technology & Biomedical
Applications (BroadBandCom '09), 15-18 July 2009. Wroclaw, Poland
H. Gierszal, W. Hogubowi cz, G. Ki e d r-Binarg kDPC

[4] Coding for IMT-Advanced 8th éintereatianal Conference on Broadband Published
Communication, Information  Technology &  Biomedical  Applications
(BroadBandCom '09), 15-18 July 2009, Wroclaw, Poland.
G. Kiedrowski, H. Gierszal, W. Hogubo

[5] | example of high performance non-bi nar 'y LDPCo, 12t h N { Published
Radio Science, URSI, Warsaw, Poland, 16-17 June 2009.
G. Janus,zkHewiGdizrszal , W. Hogubowi cz

6] Al gorithm for OFDM Systems wusing Non| Published
Cracow, 16-18 June 2010

G Kiedrowski, H. Gi er szal , O0Adaptive Coding an

[l | usingNonBinar y LDPC Codes, o KKRRBJnezoao, cj ' -Pished

Table 23: DAVINCI dissemination planned beyond the project lifetime.

Journals and Letters

Moni ca Navarro, Stephan Pfl et -$anhExpresson |
[1] | for the Packet Error Probability in Type lHARQ Schemeso, s u lff Submitted
Transactions on Wireless Communications, May 2010.
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A FIl'izi kowski, W. Hogubowi cz, iQo S E:
technologies -t h e case of mobil e Wi MAXDo, Th
Computing and eScience, Special Section, Future Generation Computer Systems,
Elsevier 2010.

A.Mour ad, 0. Picchi , | . Gutierrez, iLo
codes with MI MO techniqueso, in prepar
A. Mour ad, I . Gutierrez, 0. RLDPC dodes forf
[4] | accurate perfor mance prediction at the syst g Ongoing
Journal submission.

S. Pfl etschinger, D. -AR@ witheanddg naMy N®DWP

(2] Submitted

[3] Ongoing

BI' | in preparation (target: journal paper). Ongoing
[6] Ali Al Ghouwayel, Emmanuel Bout i I | on, AEfficient L- Onaoin
binary LDPC decoderso, to be submitted going

International Conferences

J. J. Boutros, A. Guill ®n i F -ddmsitye ppatys .
[l check codes for nonergodic block-f adi ng channel so Ongoing
0. Picchi, | . Gutierrez, A. Mour ad, M
[2 |[ILDPC codes in t he Ml MO context o, i Ongoing

conference publication.

2.5 - Key Workshops and Meetings
Error! Reference source not found. gives the list of key workshops and meetings organized
and/or attended.

Table 24: Key workshops and meetings organized and/or attended.

Workshops

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

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

(1]
(2]

[3] | 4th EC concertation meeting and RAS cluster workshop, Brussels, September 2009.

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

(4]

[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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2.6 - Person-Months Efforts

Table 25 shows the person-months efforts for the DAVINCI partners, for all the WPs. The
percentages of reported to planned efforts are illustrated in Figure 1. CTTC, SEUK, WISER,
UBS, and ENSEA are found to be the main partners exceeding their planned efforts due to their
leadership roles and central contributions to the core WPs (WP2, WP4, WP5, WP6).

Table 25: Person-Months Efforts for the partners.

All WPs all Toal
partners planned reported delta Percentage
P01 (SEUK) 27 33.31 -6.31 123.37%
P02 (ENSEA) 66 71.3 5.3 108.03%
P03 (STM) 50 49.88 0.12 99.76%
P04 (UBS) 42 48.4 6.4 |  11524%
PO5 (IMEC) 48 48.25 -0.25 100.52%
P06 (CTTC) a4 54.9 -10.9 124.77%
P07 (WISER) 48 56.38 -8.38 117.46%
P08 (ITTI) 54 55.15 -1.15 102.13%
Total 379 417.57 -38.57 | 110.18%

All WPs all Total
partners planned reported delta Percentage

140.00%
123.37% 124.77%
117.46%

115.24%

120.00%
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* P02 (ENSEA
® P03 (STM)

80.00%
¥ P04 (UBS)
® P05 (IMEC)
0,
o . = P06 (CTTC
® P07 (WISER

40.00% ® P08 (ITTI)

20.00%

AllWPs all partners

Figure 1: Percentage of Person-Months Effort Spent by each partner.
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Table 26 gives the person-months efforts for the DAVINCI Work Packages, for all the partners
involved. The percentages of reported to planned efforts are illustrated in Figure 2. We can see
WP2, WP7, and WP6 to be significantly exceeding the initial planned efforts. As explained in the
previous chapter, these figures are relatively biased. Indeed, for WP7, the excess is mainly due
to some partners claiming efforts for RTD work in WP5 carried on after WP5 ended in project
month M24. For WP2, it is partly due to the extensive work done for the integration of DAVINCI
and performance evaluation under 3 link simulation platforms (WiMAX 16e/m, 3GPP LTE,
WINNER) and one system simulation platform (WiMAX 16m). For WP6, the excess is mainly
due to the excess of UBS partner the leader and major contributor of this WP.

Table 26: Person-Months Efforts for the Work Packages.

All WPs all Total
partners planned reported delta Percentage
WP1 (MGMT) 12 11.11 0.89 92.58%
WP2 (RTD) 66 87.3 -21.3 132.27%
WP3 (DEM) 63 64.35 -1.35 102.14%
WP4 (RTD) 67 69.66 2.66 |  103.97%
WPS5 (RTD) 96 92.92 3.08 96.79%
WP6 (RTD) 59 68.3 -9.3 115.76%
WP7(RTD) 16 23.93 -7.93 149.56%
Total 379 41757 -38.57 110.18%

All WPs all Total
partners planned reported delta Percentage
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Figure 2: Percentage of Person-Months Effort Spent by each WP.

Overall, the DAVINCI consortium reports 110.18% person-months efforts spent compared to the

originally planned efforts, thus showing nearly 10% excess. This is found quite reasonable for a

2.5 years project targeting an intense delivery of 46 deliverables from 7 inter-dependent work

packages contributed by more than 20 experts from 8 organizations (located in different

countries in Europe), with some of these deliverables quite demanding in resources for the

integration and extensive performance evaluation of new technology into different software and
hardware platforms (WP2, WP6).
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3 - Conclusions

The goal of the DAVINCI project is to quantify the performance improvements and demonstrate
the implementation feasibility of pioneering non-binary LDPC codes and adapted link level
technologies for next generation wireless communications. In order to meet this target, DAVINCI

consortium has set the following five major objectives:

Develop a new family of Non-binary LDPC codes.
Develop adapted link level procedures.
Design adequate algorithm and architecture for low cost implementation.

A 0w DN PR

Quantify the performance improvements of DAVINCI technology using link and system
level platforms compliant with IMT-Advanced system candidates.
5. Demonstrate the feasibility of DAVINCI codec on real-time wireless platform.

Towards the above objectives, 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 very final conclusions drawn with respect to the above five major objectives.

More details can be found in corresponding DAVINCI deliverables and publications.

3.1 - Towards Objective 1. New family of Non-Binary LDPC codes

The main objective here is to 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. Moreover, the proposed codes need to be adapted to flexible schemes, by
incorporating rate and block length adaptation. An extra feature required is the so-called
hardware-compliant design of codes, in the sense that some desirable properties like ease of
parallel computing or memory storage reduction are incorporated in the code design without any

major error correcting performance loss.

Towards this objective, 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:

91 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.

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

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

1 Compliance with hardware parallel implementation, reflecting the suitability of

DAVINCI codes for high processing rate hardware architectures.
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3.2 - Towards Objective 2: Adapted link level technologies

The main objective here is to develop link level technologies adapted to the use of DAVINCI
NB-LDPC codes in next generation multicarrier (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 following conclusions are drawn with respect to this objective:

1 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.

1 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 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.

1 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 o f | ocal fisoft r easalepi ngo of
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.

1 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
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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: Adequate Algorithm and Architecture

The main objective here is to propose sub-optimal DAVINCI decoding algorithm together with

adequate architectures for low cost implementation on (1) FPGA, (2) ASIC, and (3) ASIP.

Moreover, an FPGA implementation is targeted, together with validation through specific

hardware emulation. The FPGA implementation is also intended for use in the demonstrator

targeted in Objective 5.

The following major achievements are concluded with respect to this objective:

f

Low complexity DAVINCI 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 or i gi nal irol e model 0
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.

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
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2.51 mm? 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: Performance Improvements

The main objective here is to quantify the performance improvements of DAVINCI technology

using link and system level platforms compliant with IMT-Advanced system candidates. This

includes (1) Integration of DAVINCI codec and some link level technology in link level simulators
compliant to WiIMAX IEEE 802.16e/m, 3GPP LTE, and WINNER-II; (2) Performance evaluation
of DAVINCI codes and comparison to reference technology from WiMAX, 3GPP-LTE, and

WINNER systems, including realistic link level constraints; (3) System Level Performance
Evaluation for WiIMAX IEEE 802.16m system.

The following main conclusions are presented with respect to this objective:

T

Integration of DAVINCI technology: The DAVINCI codes and low complexity decoder
were successfully integrated in three link level simulators compliant to the following
Wireless systems: WIMAX IEEE 802.16e/m (SEUK/WISER), 3GPP LTE (IMEC), and
WINNER-II (CTTC). Adaptive coding and modulation (ACM) techniques and turbo

estimation techniques were also successfully integrated in some platforms.

Link Level Performance Evaluation: Extensive link level evaluation of the DAVINCI
codes was performed with comparison to advanced coding schemes from WiMAX
16e/m (CTC and binary LDPC), 3GPP LTE (Turbo Codes), and WINNER (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, i) 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 more suitable to scenarios demanding high spectral efficiencies. 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 Evaluation: A system level simulator was developed
following the evaluation methodology document (EMD) and system description
document (SDD) from WIMAX IEEE 802.16m. System level performance evaluation
and comparison showed DAVINCI codes to outperform WiMAX CTC codes in all
scenarios, but with a small gain (less than an average of 5% in term of scheduled
average sector throughput) reflecting the small gain of 0.5 dB observed at the link level.
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 spectral efficiency rather then average or cell edge figures.
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Moreover, a model based on the RBIR QAM symbol level mutual informationd 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 this

promising context.

3.5 - Towards Objective 5: Real-time wireless demonstration

The objective here targets a real-time wireless demonstration with a wireless OFDM platform,
interfaced with the DAVINCI decoder mapped on FPGA. The decoder mapped on FPGA was
integrated with a wireless platform and used in a near real-time wireless demonstrator, showing
its potential for fully real-time, high rate applications. The wireless demonstrator with the

decoder was displayed at the Future Networks and Mobile Summit (June 2010).

In summary, the DAVINCI technology was shown to have a great potential for use in next
generation wireless multimedia communication systems. This non-binary technology is found
quite promising candidate to replace the binary technology in the long run. The DAVINCI project
succeeded in setting up the foundations of Non-binary Digital Wireless communications which
are believed to be a key enabler for reaching the high demand in spectral efficiency for next
generation wireless multimedia communication systems. The DAVINCI project will certainly
serve as key reference for continued and future exploration of the potential of non-binary

technology for wireless communications but also for other communication media.
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