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4 INTRODUCTION

Deliveralle D1.4e nt i Prbjectdachigvementa n d r eéssthe llastdeéliverable issued fromP1 This
deliverableis due toprovide a detailed description bbth the work carried out in the project and the results
obtained from those activitiegor consistency, this informatios provided at the project, wgrckages and
partners levelsTo give amore generaihsightof the project outcome, dedicatedsection summarizaberesults
reckonedas the most significant by all partners.

Deliverable D1.4 is organized as follows: First,e&ion 5 providesa summary of the projectontext and

objectives Then, section$, 7 and8 describe the pfect achievements for each wpackage, respectively Al
TAProject managesmercti f a cRRt G Op e D mil Aehtei osny safembés perform
WP3iiHar ddvmaen st r at or @ackadepothe adiatycihfirsmnomatized and then described on

a partner basid he last section provides a summary of the most signifipanjectd achievementand themain

deviations from the original plans.
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5 PROJECT SUMMARY

5.1 General context

The APOGEE projecaddressed thevolution ofthe 3GPP/LTE cellular network<Cellularsystemsare facing a
steady growth of traffic due to an increasing number of subscribermseamservices requiring high throughput
for handling Internet and multimedia content. To complement second generation g<kesash as GSMhat

are mainly voiceoriented, the third generation (3G) of cellular systems (UMTS in Europe) ibemgactively
deployed with more thad00 billions of subscribers worldwide. In comparison to 2G systems, 3G networks
provide a large variety of services including data, shpport of several QoS classes and a greater capacity.
However, it appears that despitee recent deployment of the HBB and HSUP Aevolutions, 3G networkare
expected tarrive close to congestion in the coming yedis.anticipate thoseeedsthe ITU issued in 2003 a
recommendation defining the framework and overall objectives of the future development-2000Ti.e. 3G)

and systems beyond IM2Z000 genamed IMTadvanced in 2005).e. its vision of a 4G. This deliverable led to
consultations with t global community in order to establish what should be encompassed in a 4G system

Regarding thd T Uprggect ambition, it was unlikely to see 4G networks to be deployed before 3G systems
saturation. For that reason, the 3GPP standardization lutBrtawk in December 2004 feasibility study for
the longterm evolution(LTE) of the 3GPP radiaccess technology. This pnermalization activity was
achi eved asLTEpStudy Iteno 6n evolvesl UTRA and UTRADith theo b j e ctd develp i
frameworkfor the evolution of the 3GPP radi&xcess technology towards a higatarate, lowlatency and
packetoptimized radieaccess technology. T h bility fsteidy swias turned into a workteim @ctual
standardization) in September 2006 resultinthenapproal of a first set of Technical Specifications in January
2008. The standardsere officially ratified as th&elease 8 of the 3GPP standardDecember 20084]. First
deploymens of LTE networks are expected fro2010 in JapanTo allow for a large approval and quick
adoption, LTE specifications have been incorpordatedhe IMT-2000 family end of 2009 They are thus
formally part of the 3G family though LTE appears more as a 3.9G et@ras the LTE already fuillf some of
the ITU requirements for IMAdvanced.

Meanwhile the ITUhas beemefining its definition of the IMTadvanced conceptith the publication in 2006 of

the resolutiodTUT R 57 that establishes the guidelines and principles foPtbeess of Deslopment of IMT
Advancedandalso the actual selection of qualifying technologies for a 4G fulithis. activity finally led to a

call for submission of proposals for candidate radio interface technologies for the terrestrial components of the
radio interfice(s) for IMFAdvancedin March 2008 As astrong andactive actomwithin ITU, 3GPP decided in
2007to candidate for the IMFAdvanced radio access. Just as for the LTE, a feasibility study was initiated in
March 2008 anda first set of 3GPP requirementsnolLTE-Advanced (formal name advanced
EZAJTRA /Advanced EUTRAN) was approved in June 200Bhe planning of the 3GPP LTE was defined so

as to closely match the one of the ITAJcomplete propsalwas submittedo ITU-R in May 2009 and énal
proposal inSeptember 2009, one month before the closure of the ITU call for submisgezA is intended to

be an evolution of ReleaseERJTRA and EAJTRAN. It should be included in Release 10 of the 3GPP stasdard
by the end of 2010 close to the reledsethe ITU of the radio interface specification Recommendations
expected in February 2011

The rathermassiveimplication of the industryin favor of LTE already forced one maja@ontributor to another
alternative to align on the LFE processindeed,Qualcomm, leder of the 3GPP2 consortium (CDMA2000 3G
solution) decided in October 2008 to stop supportindJitea Mobile Broadband (UMB}echnologyto back
LTE despiteplans for enhancing the UMBGPP2 LTE counterpartgleasd in September 200F.ollowing this
withdrawal,only two candidatesolutions arestill in the process of submission to the IM@vanced call, the
LTE-A and the secalled Gigabit WiMax5] pushed by aecent actor in mobile networkinthe WiMax Forum
Six propcsals have actually been submitted to ITU but all are based on either LTE or WilleoWiMax

© APOGEE 2010The information contained in this document is the property of the contractors. It cannot be reproduced ortiansmitt
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Forum is a consortium thdtas beerestablished to push for thearketadoption of the IEEE 802.16 standard
focusing on Broadband Wireless Access (BWA) for WMATe original versionof WiMax was meant to
provide abroadband wireless accessat@as withfew or poorwired infrastructure The original standardwas
amended ir2003in a version dubbed 802.16@a more general context with NLOS transmission. tredled
Fixed WiMax is now considered as an extension of WiFi to provide to fixed and nomadic usefargser
distances

A significant step was reachedth the adoption in 2005 of the 802.16e standard enabling the molilibheo

termirals up to 120 km/h ith the support ofoamingbetween fixed and mobileetworks Mobile WiMax could

then be considered as a potential alternativeetiular systemsin that purposeMobile WiMax wassubmitted

to ITU and becama 3G standardMT-2000 OFDMA TDD WMAN) in Jure 2007, i.e. one year before LTE

For the first timeTU hasapproved a nogellular telecommunications technology as part of the union's 3G
standardsIt was therefore possible for operators to deploy WiMax systems in 3G spectditm. similar
specificatons, Mobile WiMax could challenge the LTE standard by an early deployment. Mobile WiMax
effectively came on the scene in 2006 with South Kor
process and in the deployment of the Sprint/Clearwire ré&svim the USA slowed down theeommercial

penetration oMobile WiMax solutions.

Anotherweaknes®f WiMax is thelack of supportof roaming with 3G networks while it is a native feature of
LTE. But, the acceptance of WiMax as a 3G standard made postshieclusion in the ITU's 4G (IMT
Advanced)process As early as December 2006, the IEEE 802.16 Working Group initiated a new project
designated 802.16nn the purpose of submitting a WiMax solution &m IMT-Advanced proposalThis
standardalso called Giabit WiMaxamends the IEEE 802.16 specification to provide an advanced air interface
for operation in licensed bands. It meets the cellular leeuiirements of IMTAdvanced next generation
mobile networksTo avoid the limitation of Mobile WiMax, the mestandard is due tbe interoperablsvith
IEEE802.11, 3GPP GSM/EDE UMTS WCDMA, 3GPP2 CDMA2000 ar®iGPPLTE. The planning is pretty
similar to the one of the LTHAdvanced witha specification draft ready bgnd of 2008 an initial proposal
submittedto ITU in January2009ard a last one in September 2009.

So far, LTEA and Gigabit WiMaxappears as competitors in the 4G perspective.iBumainsto conduct the
deployment ofMobile WiMax and LTE networks. Those networks are not expected to represegtifecant

portion of total 2G/3G cellular subscriptions in the early 2010. H8R¥ also turn into 802.16e WiMéxs t r u e
competitor, and may delay LTE rauts. Above all, it already appears that -AERNd Gigabit WiMax may be

made compatible in the IMAdvanced process. But this is still far away from being considered by the different
actors that are sometimes involved in both solutions.

5.2 Main focus and initial objectives

At the time the APOGEE project was launchéte 3GPRwvasfinalizing the specificatins of the LTE mobile
wireless technology to be included in Release 8 of the 3GPP standémk wasalso carried out to prepare the
specifications of the LTEAdvanced systertargeting theRelease 10 of the standarth between, itvasplanned

to refine and complementhe LTE specificationswith an intermediate release before I-AEThe LTE system
was not defined as an evolution of UMTS but as a new technology. The first version me&fEEthe
requirements buthanyaspects can still be optimized while soisgues have simply not yeeen addressed. The
main goal of theANR APOGEE projectvasto proposestudyand validatenew technologieg the purpose of
supporting the evolution adhe LTE standardThe APOGEE projecinainly concentraté on the physical and
medium access mechanisifBHY and MAC)for uplink transmissiog from the user equipment to the base
station. APOGEEwasindeeda follow-up of theRNRT OPUS project that was devoted to the optimization of
the downlink transmissioms a continuation of OBS, studieswere also carried out as part of APOGE&
further optimize downlink transmissiong key feature of the APOGEE projestisthe development o real
time airinterface demonstratdn the purpose of validatingn realistic conditions a selecteset of advanced
solutions. Another objective of thisdemonstratorwas to evaluate the complexity requirents for the
implementatiorof terminals compliant with the basic LTE specificatiofmally, it wasplannedto combine the
APOGEE prototype with #gnOPUS platforma demonstrate a complete system with eberair transmission in
downlink and uplink.

More specifically itwasexpected from the APOGEE project to significarthntribute on the following topics:

I Definition of a link adaptation mechanisproviding good performance in a muitser context while
keeping a reasonably low complexity

© APOGEE 2010The information contained in this document is the property of the contractors. It cannot be reproduced ortiansmitt
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91 Definition of different MIMO encoding schemes (and associated decoding algoritomgptible with the
different transmission scenarios (correlated angtamehlted channels, user closed to the base station or
located on cell edges) and robust to channel estimation errors.

I validation of the aforementioned techniques in an uplink -tlveair real time demonstrator with
achievement of the LTE requirement of 2.843Hz for spectral efficiency.

5.3 Project organization

The project started in February 2008&)(Tor a total duration of 26 months up to March 2010. As shown on
Figure5-1, the projectvasdivided irto threework-packages briefly imoduced below:

1.Workpackage ti Pr oj ect management and general specificati

1 The main task of WPWasto coordinate the activity of the project, to control and encoutiage
collaboration between WP2hd WP3, to report to the ANR anddmanizethe dssemination. WP1
wasalso due to elaborate the general specifications of the demonstrator.

1 Partners: All
9 Duration: Ty to Ty+26
2.Workpackage 2fiOpt i mi zati on of the systembs performance

9 The first task of WP2vasbased on the WPL1 basis to select, specifly\aiidate the algorithms to
be implemented in the demonstrator. A common simulation platfeasxdeveloped to serve as a
reference material for WP3 activities. WRRAsalso due to carry on advanced studies both on link
and system level to optimize indeplemtly and jointly the uplink and downlink systems

1 Partners: All
9 Duration: Ty to Ty+26
3.Workpackage 3aiHar dware demonstratoro

1 WP3 was due to implement, validate and evaluate a-tiea¢ overthe-air demonstrator of the
uplink system as specified in WPadaWP?2

9 Partners: All
9 Duration: Tg+4 to Ty+26

Table5-1 depicts the initial planning of the project with the corresponding milestones and deliverables.
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o | T1.1: Project management | T2.1: PHY/MAC | T3.1: Specification of the
L »’| specifications (demonstrator) »| demonstrator
o Tl'f: Dt.Eﬁniﬁ%" 9f th% | T2.2: Dvptiintegration of a | T3.2: Implementation of the
P vauation criteria and »’| SW reference simulator »| RF front-ends
demonstration scenarios
o | T1.3: Synthesis of the o | T2.3: Advanced PHY studies | T3.3: Implementation of the
»”| 3GPP/LTE activity > »’| baseband modules
| T2.4: System studies » | T3.4: Implementation of the
= 71 MAC modules
» | T3.5: Integration of the UL
”"| demonstrator
| T3.5: Integration of the
»’| DL/UL demonstrator

Figure 5-1: Project organization.

Tasks 2008 2009 2010
23456 789101112[1/2:3 4 56 7 8 910111201i2}3

WP1 - Project management and general specifications
T11-Projet management |
T1.2 - Defintion of scenarios and evaluation criteria
T1.3 - Synthesis of the 3GPP/LTE activity

WP?2 - Optimization of the system's performance

T2.1 - Specifications of the PHY/MAC algorithms (WP3)

T2.2 - Dvpt/Integration of a reference simulator

T2.3 - Studies of advanced PHY algorithms
T24-Systemstudies

WP3 - Hardware demonstrator

T3.1 - Specification of the demonstrator

T3.2 - Implementation of the RF front-ends

T3.3 - Implementation of the PHY baseband modules
T3.4 - Implementation of the MAC layer

T3.5 - Integration of the uplink

T3.6 - Integration of the full demonstrator (UL/DL)

Table 5-1 : Gantt diagram of the APOGEE project.
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6 WORKPACKAGE1l -nPROJECT MANAGEME!
AND GENERAL SPECIFICATI ONSoO

6.1 Overall results

6.1.1 Workpackage objedives

This Work Packageleat with the managemenbf the projectas well as its general specificatioMgP1 was
divided into three activities.

The firstactivity wasrelated tothe project managementVithin this scope, the following activities were cadi

out: coordination of the activities, organization of the plenary meetings as well as dissemination of the results.
Technical management taskas undertaken by CEAETI while MERCE is the coordinator of the project.
MERCE wasresponsible for the repontj to ANR.

The second activity dealvith the definition of evaluation scenarios and the evaluation criteria for the multiple
access (S&EDMA) and MIMO techniques simulated in WP2 and implemented in WWR& aim of this activity

wasto identify the objecties relevant to the context of the project (PHY and MAC layers ehw@rface), the
demonstration scenarios for the prototype and the simulation scenarios for both the System and Link Level
Evaluation platforms. Furthermore this activity aithat definirg the criteria for performance evaluation, as well

as the main system parameters. All partners contributed to this task.

The third activity, which dealwith the synthesis of 3GPP/LTE activities, was led by MERCE and Orange Labs
that both attend 3GPP/LTEtandardization meetingg.he initial outcome of this task was to identify the
techniques most likely to be retained in the first release of 3GPP/LTE (Release 8) and thus the key issues left for
innovation. MERCE and Orange Labs relehsgnthesis report®n the 3GPP meetings during the whole
duration of the project in the purpose of validating the relevance of the solutions studied in APOGEE and to
align simulators and the prototype as close as podsilileure releases of 3GPP/LTE.

As previously mentioad, WP 1lwasdivided into3 tasksrecalled below with the corresponding schedule
T1.17 Project management (01/02/081/03/10)

T1.27 Definition of the scenario and evaluation criteria (01/02/081/05/08)

T1.371 Synthesis of the 3GPP/LTE activities /081 31/03/10)

6.1.2 Progress towards objectives

The first and third activities were scheduled during the whole duration of the project while the second activity
started at §and ended atgF5. Within this latterDeliverables D1.1A Te c hni c al objgctiveslgigene s and
by 3GPH9 &andE@EADefinition of scena[illwereissaeddVPé haadleditaet i on ¢
definition of evaluation scenarios for the demonstrata #he simulators, as well as the evaluation criteria. A

WP1 phone conference was dedicated to the definition of these specifications and the system parameters
(12/04/2008), while taking into account the limitations of the prototypihin the first activty, Deliverables
D13fiProject status[llpandDlddpir ey e mé ntascohi evement s and r
presenting the results obtained during the project.
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6.1.3 Deviations from the project workprogram
There wa no deviation from the project workprogram.

6.1.4 Results

Within WP1, MERCE and Orange Labs provided alternately the reports on the discussions held in the
3GPP/RAN1&2 plenary meetingEhis task allowed partners to better understand the technical choicedynade

the 3GGP consortium as well as to adapt prototyping choices to these decisions (chunk size, bandwidth, TTI
duration ¢é). The di s cAdsscedomesatingbd weledlsodaportednajlowinditiee pdrtiieks

to understand the future evolutions IOTE, e.g. relaying, coordinated multipoint transmission and reception
Co MP, Ml MO ext ensi on,FurtheamodkenwlEAETH MERCE and GrangenLabs carote
Deliverable D1.1[9] that gives a synthesis on tbescussions and objectives issued from 3GPP/LTE working
group. Then all partners aarote Deliverable D1.2[10], which aims at defining the scenarios and criteria
evaluation for simulations at both link and system Igvas$ well as the demonstration scenario for the prototype,
along with the main system parameters @eation7.1.3for further details).

Thus, the main outcome of this WP is the extraction of the key parameters, the ewvatuitiria and the
targeted performance used by studies carried out within WP2 and WP3. This work served as a basis for the
selection of PHY/MAC algorithms within WP2 and helped defining the architecture of the prototype within
WP3. The studied frame steture is given inFigure 6-1 and Figure 6-2 while the adopted key parameters are
reminded inTable6-3 andTable6-2.

One radio frame, T;= 307200Ts= 10 ms
Onedot, Tgq= 15360Ts=0.5ms

#0 #1 #2 #3 | #18 #19

One subframe

Figure 6-1. Frame structure Type 1.

One uplink slotT,

slot

0 1 I T — NUE - 2 NS 1

i a
3— Modulation symbol &, yu.

Figure 6-2: Uplink slot structure of the generic frame selected for the prototype.

Carrier frequency 2 GHz
Duplex Mode FDD
Symbol duration 66.66ns
Short cyclic prefix duration (symbols@./ 7) 4.69/5.2Ins
Total symbol duration 71.35ns
Symbol rate 14.014 kHz
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Sub-carriers spacing 15 kHz
Bandwidth occupied by 1 RB 180 kHz
Slot duration 0.5ms
Slot rate 2 kHz
Nb of symbols per slot 7
Frame duration 10 ms
Frame rate 100 Hz
Number of sukframes in a frame 10
Resource block allocation hoRSping; slot
QPSK,
Modulation 16-QAM,
64-QAM

Table 6-1: Basic system parametes.

Channelization bandwidth 20 MHz
Sampling frequency 30.72 MHz
Sampling period 32.55ns
Number of samples per slot 15360
FFT size 2048
Cyclic prefix in samples (symbols@/ 7) 144 /160
Symbol in samples (symbolsGl/ 7) 2192 /2208
Number ofnull subcarriers 848
Number of modulatedsebar r i er s A | 1200
Number of available RBs 100
Occupied bandwidth 18.0 MHz

. Table 6-2: System parameters for 20 MHz channels.
A D C-casrierbs modulated, in oed to keep the low PAPR property of the-BDMA signal.

At the end of the first yeaD1.3[11] was cewritten by all partners in order to highlight the project status and
achievements whil®1.4 was issued at the emd the project to give a flavour of the main project achievements
and results. This latter deliverable was alsewitten by all partners.

Concerning the dissemination, a public web site was developed, that aims at describing the APOGEE project and
highlighting its main results. It is hosted at URLtp://www.openairinterface.org/projects/page1046.fr.Hiime

project was described in the JiANRtetdaogiesmgénériuesipGualai er d e
mobilit®d and quoted in the monthly report of the Fr
and its main results were presented through a poster
ST CoinPRaeid inlJanuary 2018 demonstration of the hardware testbed was performed during the Future

Network and Mobile Summit 2010 held in Florence (Italy) orl88 June 2010.

For the exchange of internal documents among partners, a private repositorgreedsd at URL
https://bscw.eurecom.fr/bscw/bscw.cqgi/70084

During the project duration, several advanced algorithmic studies were carried out within WP2 as well as
implementation studies withiwP3, leading to the following9 publicationsincluding 5 journal papers
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1.[Boher et al:isssta08] "Impact of iterative receiver in 3GPP/LTE DL MIMO OFDMA system", L. Boher,
R. Legouable and R. Rabineau, in proceedings of ISSSTA 08, Bologna, August 2008.

2.[ChenSlock:icc08] dH. Chen and D.T.M. Slock, "Bounds on Optimal BoeEnd Distortion of MIMO
Links", in proceedings of IEEE Int'l Conf. on Communications (ICC), Bejing, China, May 2008.

3.[ChenSlock:isit08] J-H. Chen and D.T.M. Slock, "Orthogonal Spakiene Block Codes for Analog

Channel Feedback", in proceedings of | EEE I nt 6l
Canada, July 2008.

4.[ChenSlock:pimrc08] J . Chen, D. T. M. -to®hdodistortion @fQrgetldaved m e n d
transmission via a Raygih MI MO channel 0, | EEE international S\
Mobile Radio Communications (PIMRC), Cannes, France, Sept. 2008.

5.[ChenSlock:globcom08] J . Chen, D. T. M. Sd-eadc distortion Ofnspat@lfyt i mu m
correlated MIEEEDGIobal €Edmenumications Conference (Globecom), New Orleans,
USA, Dec. 2008.

6.[ChenSlock:icassp09) . Chen, D. T. M. Sl ock, AA practical W 3
transmissiono | CASSP 20009, I nternati oRracdssing.onf er e
April 19-24, 2009, Taipei, Taiwan.

7.[SalimSlock: ita0g U . Sal i m, D. T. M. Sl ock, AAsymptotic capa
stationary time and frequencss el ecti ve channel so | TA 2 Gd&iés I nfor

Workshop, Janugr28-30 2008, San Diego, USA.

8] Sal i mSl ock: Al . 08] U. Salim, D. Slock, fABroadcast

Conf., Monticello, IL, USA, Sept. 2008.

9.[SalimSlock:pimrc081] U. Salim, D. Slock, #fAsy warspread dooblyc a
selective MI MO channel so, in Proc. | EEE I n
Communications, Cannes, France, Sept. 2008.

ci |
I

10. [SalimSlock:pimrc081] u. Sal i m, D. S| o ddg,for flatvfadM@ statiomgrya c i t y |

channels with noCS1 R0, in Proc. | EEE I nt 61 Sy mp.
Communications, Cannes, France, Sept. 2008.

11.] Sal i mSIl ock: gl obec o miuBigser MIMO Goavhlinkmmultipzxing §alinavithkut A

free channel informatian, i n Pr o c . adbénd hwireless EaécessB(BWA) workshop (at
GLOBECOM), New Orleans, USA, 2008.

12. [SalimSlockwc n ¢c 0 9] uU. Sal i m, -user.diversiy. gairsfor likous afdMnfdrnied

users i n downl i nk channel so WCNC 2009, ngd EEE

Conference, April, 8, 2009, Budapest, Hungary.

Per s

Wi

13. [SalimSlocki s wc s 0 9] u. Sal i m, D. T. M. Sl ock, iHow many
channel I nformati on??9 | SWCS 20009, 6t h I nternati

Systems, September 10, 2009, Siena, Italy.
14. [SalimSlock:globecom® 1] U. Sal i m, D. Gesbhert, D. T. M.

Sl oc

pilot/quantizatiorbased feedback in mutint enna TDD systemso GLOBECOM 2

Communications Conference, NovembefB&cembe#, 2009, Havai, USA.

15, Sal i mSl ock: gl obecom09 _ 2] U. Sal i m, D. T. M.
maximization in muldu s e r TDD systemso GLOBECOM 20009,
Conference, November d0ecember 4, 2009, Hawai, USA.

16. [SalimSlock:asiloma9 ] u. Sal i m, D. T. M. Sl ock, APerfor
for transmit power minimizationdo Asilomar 2
Computers, November4, 2009, Asilomar, California, USA.

17. [OmarSlock:spawc09] SOma r D. T .SMuctur&llspatiokmporafi sample covariance matrix
enhancement with application to blind channel estimation in cyclic prefix sy&temsn Pr oc .
SPAWC, March 2009

18.] Omar SI oc k: icassplo0] S. O m abiversityDwitir Blind .FIR SIMG ¢ k ,
Channel dPtoc. IBEE 1CASSE, March, 2010, Dallas, TX, USA
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19.] Omar Sl oc k: i sccsplO0_ 1] S. Omar , D. T. M. Sl ock, O
Blind FIR SI MO Ch a nlEEEISCESPtMran,2016, ihasal, CypRs. o C .

20.[ Omar Sl ock: i sccsplO0_ 2] S. Omar , D. T. Mlind SI1 oc k,
Channel Est i iE&BEISQCBR) March, 2010, birnasol, Cyprus

21. Okt emSI| oc k: i cassp09] T. Ok tfar fnequemzysdiective MINEJ o c k fi
channels with redundant l'inear precoding can act
conference on Acoustics, Speech and Signal Processing. Ag2#4,12009, Taipei, Taiwan, pp 2841
2844,

22. [Slock:eusipco08] D. Slogk A D i -WMatiplexing fradeoff of simplified receivers for frequency
selective MI MO channel so, i n proc. European Si g
Switzerland, Aug. 2008.

23.] Assaad: vtcfall 08] Mo hamad As s aa(@FR) ifi Myltitcelluea | Fract
OFDMA System, 0 in Proc. of the 68th | EEE Vehicul a
Sept. 2008.

24. Assaad: wirel essDays08] -Twe lSechedalidg fok Steearmdnd Servitds ine g u e n ¢
OFDMA system, IFIP WirelesBays Conference, Dubai, United Arab Emirates, Nov. 2008.

25, HassanAssaad: spawc09] Naveed Ul Hassan and Mohan
Resource Al l ocati on i n Mul ti service OFDMA Syste
Processing Advances Wireless Communications (SPAWC), July, 2009.

26.[ HassanAssaad:icict09] Naveed Ul Hassan and Moha
Reuse FFR and resource allocation in OFDMA Syster
August, 2009.

27.[Hassahs saad: wcnclO]: Naveed Ul Hassan and Mohamad
Scheduling in Wireless Fading Channels with Hard
on wireless communications and Networking (WCNC), Sydney, AustrakaQ1&pril, 2010.

28. HassanAssaad:iccl10]: Naveed Ul Hassan and Moham:
Power Allocation in MuliSer vi ce Downl i nk OFDMA Systems?o, | EEE

communications (ICC), cape town, south Africa, May2232010.

and Mohamad As:¢

29. AyoubAssaad: icc10]: Hassan Ayoub
| EEE I nternational C

Outdated Channel Knowl edgeo,
south Africa, May 237, 2010.

30. [HassanAssaad:spawcl10]: N. Ul ¢ig a n and MOptimal sDsvenkinkl Beéamforming and
Resource allocation in MIM@DF DMA sy dit damsl,ECEE | nt 61 Wor kshop on
Advances in Wiragdss Communications (SPAWC), Junel@.

31. [Calvanese_et_al:vtcspring09] ECalvanese Strinati, GCor bel | i ni and D. Kt ®n a
Scheduling for OFDMA Wireless Cellular Networ kso,
29th April 2009.

32. [Clermidy_et_al:dsd09F . Clermidy, R. Lemaire, X.AnPmgepand, D. K

reconfigurabe platform for 4G Telecommunication: concepts and application | EEE 12
EUROMICRO Conference on Digital System Design, Architecture, Method and Tools, Patras, Greece,
27-29 August 2009.

33. [Gorgoglione_et_al:isital0] M. Gorgoglione, V. Savin, and D. Dedeq , AOptimi zed pul

distributions for irregularneb i nar y L D FEEE Int. Sgnw.slrdorm. Theory and Applications
(ISITA), Taichung, Taiwan, October 20X0

[ Ciochina_et _al :pimrc09] C. Ciochina, iduesfoMotti er
transmit diversity precodingin SEDMA systems with four transmit ant
Personal, Indoor and Mobile Radio Communications Symposium (PIMRC'09)% Sg&ptember 2009,

Tokyo, Japan.

35. [Anouar_etal:sigmetrics08] H. Anouar, CoBinet , D. Camar a, F. Filali, R
OpenAirlnterface Wireless Net wor k Emul ati on Met h
Evaluation Review, Vol.36, N°2, Sept. 2008, pp3D
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36. [ChenSlock:JWCNOQ9] J. Chen and D.T.M. Slock, "On Optimum -ErEnd Distortion of MIMO
Systems", EURASIP Journal on Wireless Communications and Networking (JWCN), 2009.

37. [SalimSlock:JASRQ] U. Salim and D.T.M. Slock, "How mucheedbacks Required for TDD Mult
Antenna Broadcast Channels with User Selection?", EURA%burnal on Advances in Signal
Processing (JASP)p appear, 2010

38. [Ciochina_et_all:TWC]C . Ciochina, D. Castel ai

n, -Preseriiot ti er

Mapping Methods for Singi€arrier FDMA with Spacér equency Bl ock Codes, 0
publication to IEEE Transactions on Wireless Communicatiaf89.

39.[ Assaad: JWCN2010]: N. Wdaptive Ressuaca Allacatidn with Striét Dslay a d |, f
Constraints i n EQRABIM doursalyon \WaretessoCommunications and Networking

(JWCN),to gopear, 2010.

Furthermore, the following contributions were done during the 3GPRAdUENced meetings:

- [Orange 1:09] Orange, Nokia, Nokia Siemens Networks and Texas Instrunigrferthance prediction
of turbo-SIC receivers for systefavel simulation§ 3GPP R1090919, Feb 2009, Athens, Greece.

- [Orange 2:09] OrangéiEvaluation scenarios for indoor relags3GPPR1-094987, Nov 2009, Jeju,

Korea.

- [Orange 3:09] Orang@CoMP with limited backhaul capabilitiess3GPPR1-094988, Nov 2009, Jeju,

Korea

6.1.5 List of Milestones and Deliverables

Milestones Planned| Actual

M3.1 Descrlp_tlon of the_maln system parameters and definition of 01/06/08| 13/06/08
evaluation scenarios
Table 6-3: List of WP1 milestones

Deliverables Planned| Actual
D1.1 | Technical syntheses and objectives given by 3GPP/LTE 01/03/08| 14/03/08
D1.2 | Definition of scenarios and evaluation criteria 01/06008 | 13/06/08
D1.3 | Project status and achievements 01/0209 | 18/02/09
D1.4 | Final project status and deltements 01/0410 | 22/0910

Table 6-4: List of WP1 deliverables
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6.2 CEA-LETI achievements
T1.17 Project management (01/02/081/03/10)

CEA-LETI was involved in the technical management of the project. Asl W#ehnical leader, LETI
coordinated the activities and elaborated the planning of the project. It also organized the QPMs and participated
in the redaction of the minutes.

As a part of the dissemination, CHATI defined the contents of the web pageshef APOGEE project, hosted

by Eurecom at URLhttp://www.openairinterface.org/projects/pagel1046.fr.h@BA-LETI also participates in

the elaboration of a poster and the slides irgdrtd highlight the main results of the project, presented during an

oral session of the French event #AColl oque STICO0 held

Eventually, CEALETI contributel to Deliverables D1.3[11] and D1.4, by coordinating the SP1 section of
these deliverables and describingLE 6 s achi evements and results.

T1.21 Definition of the scenario and evaluation criteria (01/021081/05/08)
CEA-LETI was the editor and contributor of the first two deliverables oflWP

- Deliverable D1.1n Tec hni cal syntheses and [9bjleEkTlidvse sc ognitvreinb
mainly dealt with 3GPP/LTE UL objectives and procedures related to PHY/MAC layers (e.g. link
adaptation and HARQ).

- Deliverable D1.2fiDef i ni ti on of scenar[lth $ETlawag invevedaih that i on ¢
definition of the reference scenarios for system level simulation and in the methodology related to
performance evaluation aboth link/system levels. LETI also contributed to the definition of
demonstration scenarios for the prototype and the criteria for its evaluation.

T1.31 Synthesis of the 3GPP/LTE activities (01/02/G8L/03/10)

As specified in the technical annex, CEATI did not contribute to this task.

6.3 EURECOM achievements

T1.21 Definition of the scenario and evaluation criteria (01/021081/05/08)

Eurecom contributed tDeliverable D1.2fiDef i ni ti on of s c e n a f[l0].drsparéicalat, ev al ua
Eurecom participated to the specification of the met
OpenAirinterface system simulator/emulator, with its PHY Abstraction Unit.

6.4 MERCE achievements
T1.17 Project managemerf01/02/08i 31/03/10)

As coordinator of the APOGEE project, MERCE handled tliéscussionsabout the project consortium
agreement (PCA). A consensus was reached on theflOctober for a delivery to ANR on due timiEhe
official agreement frorthe ANR was receivean the & of December 2008.

MERCE was the editasf the three bannual report delivered to ANR along with the deliverables produced over

the corresponding periods respectively ondhethe §' of October 2008the 30" of April 2009 and te 2% of

October 2009. MERCE also supervise@ tiedaction ofDeliverable D1.3[11]] ent i t | ed fAPr oj ect 5
achievement so WYofebrvag 200 on the 18

Dealing with disseminationMERCE handledthe redacion of a description of the APOGEE project to be
included in the first issue of tHature ANR collection The APOGEE contribution was delivered on th& 26
November 2008MERCE was interviewed to provide the material for a description of the APOGE&Cpho
the April 2009 monthly report of the Media and Networks clust##RCE supervised the redaction of the poster
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and the slide set for the presentation of APOGEE at the ANR colloquium held or7tbé January 2010 in
Paris.

As WP1 leader, MERCE supsgsed the redaction and the delivery of the deliverables.
As WP3 leader, MERCE participated to the organization of the QPM and to the redaction of the minutes.

T1.21 Definition of the demonstration scenario and evaluation criteria (01/02/88/05/08)

Thanks to its implication in the 3GR#nsortium MERCE played an active role in tleempilation and the
synthesisof the discussions and outconissued from the standardization of the 3GPP/LTE sysfenpart of

this activity, MERCE providedalternatelywith Orange Labs a report on the discussions held in the 3GPP/RAN1
plenary meetings starting with the meeting held in Sorrento, Italy, Februatyp,12008 P1.1.1). Then,
MERCE contributed to the redaction of tbd.1 deliverable [9] that provides a summary of the 3GPP/LTE
uplink system.This document sergeas a reference materiddoth for the general specificationf the
demonstratoto be implemented as part of WRBdthe selection ofthe advanced techniqudse be stidied as

part of WP2The goal was in particular to identify the objectives relevant to the context of the gRij¢tand

MAC layers of airinterface) At that time, the standardization of the uplink was not yet complete. The goal of
this initial surveywas also to identify the techniques most likely to &mined in the first release and thus the
room left for innovation. MERCE proposed to study and to implertrenadvancedSCG-SFBCMIMO scheme
thatwaspushed in standardization for reled$€sof the LTE. The SCSFBC code is an evolution of the Alamouti
scheme compliant with the low fluctuation of the -EBDMA signals envelopelt was finally decided in
November 2009 that no MIMO schemes based on diversity would be supported except if a clear performance
gap is demonstrated against the lbegn beamforming solution.

More generally, MERCE contributed to the definition of the demonstrator main specificati@anprocess
involving WP1, WP2 and WP3. Once the global specifications selected, MERCE conttibtiied-edaction of

D1.2 deliverable [10] that defines the demonstration scenarios for the prototype and the criteria for its
evaluation.

T1.31 Synthesis of the 3GPP/LTE activities (01/02/G8L/03/10)

After the compktion of the specification process|ERCE and Orange Labs agreed to contimekeasing
synthesis reports on the 3GPP meetings in the purpose of validating the relevance of the solutions studied in
APOGEE P1.1.3- RAN1 #53- May 2008 D1.1.5- 3GPP RANL1 #8 - August 2008D1.1.7- 3GPP RAN1#55

- November 2008D1.19 - RAN1 #56- February 2009D1.111 - RAN1 #57- May 2009 D1.113 - RAN1 #58

i August 2009andD1.115 - RAN1 #5971 November 2009

6.5 ORANGE LABS achievements
T1.17 Project management (01/02/081/03/10)

Orange Labs being in charge of the WP2 of the APOGEE project, it partitipatee orgaization of the QPM
and to theedaction of the minutes

T1.21 Definition of the demonstration scenario and evaluation criteria (01/02/88/05/08)

Owing to its participation to the 3GPP standardization meeting, Orange Labs played an active role in the
compilation and the synthesis of the discussions and outcomes issued from the standardization of the 3GPP/LTE
system. In that way, Orange contributediady to the redaction of th®1.1 deliverable [9] that provides a
summary of the 3GPP/LTE uplink system. As mentioneSdation6.4, D1.1 served as a reference material both

for the general specification of the demonstrator to be implemented as part of WP3 and the selection of the
advanced techniques to be studied as part of WP2.

Then Orange Labs contributed to the redaction of Eie2 deliverable [10] that defines the demonstration
scenarios for the prototype and the criteria for its evaluation.

Orange Labs also participates to the editingDeliverables D1.3[11] and D1.4 making the status and
achevements of the project and more especially of the WP2.
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T1.37 Synthesis of the 3GPP/LTE activities (01/02/G8L/03/10)

Orange Labs is in charge (with MERCE) to give feedbacks on the course of the 3GPP/LTE RAN1/RAN2
meetings. Orange Labs also carriad contributions during the LTBdvanced meetings. 3 contributions have
been done:

- R1-0 9 0 9 1 9 Perfbramante préddiction of turb8IC receivers for systehavel simulationsi
- R1-094987 aboufiEvaluation scenarios for indoor relays
- R1-094988 aboutiCoMP wi t h | i mi ted backhaul capabilitieso

It has been agreed to make announcements to the APOGEE partners about the main discussions and
evolutions carried out during these meetings via synthesis report writing. Then, Orange Labs was in charge
of the following reports:

- D1.1.2- 3GPP RANL1 #52bis meetingShenzhen, China, March 31th to April 8008

- D1.1.4- 3GPP RANL1 #53bis meetingNVarsaw, Poland, June 30th to Jul{2008

- D1.1.6- 3GPP RAN1 #54bis and RAN2#63bifrague, Czech Rep, September 29th tabet 3 2008
- D1.1.8- 3GPP RAN1 #55bis meeting in Ljubljanhésloveniai 12" to 16th January 2009

- D1.1.10- 3GPP RANL1 #56bis meeting in Seeworea, from 22th to 26th of March 2009

- D1.1.12- 3GPP RANL1 #57bis meeting in Los AngeledSA - from 29th ofJune to 3rd of July 2009
- D1.1.14- 3GPP RANL1 #58bis meeting in Miyazakidapan from 12th to 16th of October 2009

- D1.1.16- 3GPP RANL1 #59bis meeting in Valengi&paini from January 18th to 22th 2010

6.6 SUPELEC achievements
T1.21 Definition of the scena and evaluation criteria (01/02/08 31/05/08)

SUPELEC contributed t®1.2 deliverablei Def i ni t i on of s cenal[lQ.dparteulad eval u:
SUPELEC participated to the specification of the referecemarios as well as the definition of the performance
evaluation methodology and metrits system level simulations.

6.7 TEAMCAST achievements
T1.21 Definition of the scenario and evaluation criteria (01/021081/05/08)

TEAMCAST contributed to the redach of the D1.2 deliverablei Def i ni ti on of scenari oc¢
cr i t[aqd. iTaus TEAMCAST brought its knowledge of the RF system (more particularly in Broadcast
domain) in order to define the main characteristi€ the RF Tx and Rx frorgnds for the prototype (MER,

phase noise, shoulders).
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7/ WORKPACKAGE 2 i

NOPTI MI ZATI ON OF
SYSTEMO6S P

ERFORMANCE

7.1 Overall results

WP2 aims at optimizing the system performance as well at the physical and MAC [Hyens.he nain
objectives of the WP2 are:

- To select and specify the algorithms to implement for the uplink (ULFBBIA transmission at the link
andsystemlayers, from the criteria, parameters and scenarios defined in the WPL1. The first objective of the
WP2 was to povide to the WP3 a software simulation platform that will serve as reference to the hardware
validation developmentdhen, from this reference chain, some advanced PHY and MAC algorithms are
proposed to globally optimize the system spectral efficiencyriter to achieve and/or exceed the
requirements specified by the WP1,

- Then, the WP2 aims at researching advanced algorithms to improve the requirements specified by the
3GPP/LTE.These improvements address the UL-FHOMA system at the physical and syst&wels but
also the DL OFDMA system level performandanong the advanced studies that are proposed, we can
mentioned:

0 At the link level: robust channel coding schemes such as duo binary turbo codes, low density parity
check (LDPC) codes, several MIMO tetques aiming at increasing the system throughput and/or the
diversity, study of preorrected algothms for norlinear amplifiers,advanced MAFDFE receiver
for SGFDMA, etc.

0 At the system level: SEDMA link and system interface for link adaptation iaptation, advanced
MAC layer scheduling for resource allocations.

These advanced studies aanproposing new teciques that could be pushed in future specifications of the
3GPP/LTE standard (LTBdvanced standard).

Within the WP2, 4 main tasks have bespecified:

T2.17 Specifications of the PHY/MAC functionalities of the demonst(@io02/08i 31/12/0§
T2.21 Development of a reference simulation chain (01/07/G&/03/09)

T2.31 Study of advanced PHY algorithms (01/117/C&L/03/10)

T2.47 Systenstudies (01/11/08 31/03/10)

7.1.1 Progress towards objectives

About the T2.1 work progress, the2.1 deliverable "PHY/MAC functionalities definition of the UL
demonstrator" [12] has been provided in Sept. 2009. Following the software integration, an update of the
deliverable has been provided thé"i& December at the same time of the first package of the VO simulator.
This VO simulator correspais to the firsmilestone MO MO0). The software integration has been carried out by
Orange Labs with the Galacsy tool that is a digital communications simulator that haebeleped by Orange

Labs and that has been put at the disposal of all partners. After this first important phase, essential for the starting
of the hardware developments within the WP3, some advanced modules have been integrated in the V1
simulator and spfied in theD2.2 deliverable "Advanced PHY/MAC functionalities definition of the UL
demonstrator” [13]. The V1 simulator has been provided in time in the beginning of April 260i@stone

M1). As some bugs have been encountered with the V1 simulator, another and final V2 si@atoay been
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provided to the consortin in the beginning of June 2009 with some updates. In consequencB2 e
deliverable [13] has also been updated regarding to the softwarections. The main achievement of these
software simulators is their use for the hardware prototype developments in the WP3.

In parallel to the development/integration of the simulators, all partners have worked on the proposals of
advanced PHY and dysn level studies. Several technical contributions have been presented during the
APOGEE meetings. All the work specified during T2.3 and T2.4 is described withiDZl8deliverable
"Performance of advanced PHY/MAC studies for multrantenna SGFDMA and OFDMA systems [14]

that makes a synthesis about the main advanced studies performed at the link and systems levels. This
deliverable ends the work carried out within the WP2.

Among the link level research studies, we ctassify the research studies in 3 classes:
- Channel coding, Interleaving, allocations strategies;
- The MIMO component represents the main contributions about advanced physical research topic;
- Some adaptive preorrecting RF algorithms have also been igtdd

Among the system level research studies, different topics have been studied that can also be classified in 3
different classes:

- Resource allocation strategies as well for the OFDMA DL as for thRE[H@A UL;
- Optimization of DL/UL resources allocation;

- Method for prediction of advanced receiver performances.

UE
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Figure 7-1: Link level simulator: VO and V1 versions

7.1.2 Deviations from the project workprogram

The D2.1 deliverable[12] was provided witi2 months delay that was mainly due to the summer vacation
period. This delay had an impact on the software modules delivery that impacted on the VO simulator
integration. In that way, the VO simulatawas provided to all the partners withe and half month delayin its

final and generic version. This delay did not impact the WP3 activities and scHe@i@aleliverable[13] in its

first version and the V1 demonator were provided in time. As some updates, due to some bugs detection in the
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V1 software simulator have been carried out, a V2 simulator (M2) has been provided that was not initially
planned (beginning of June 2009). In that way, an update d2i[13] document has been delivered at the
same time. The last WP2 achievement wadX2& deliverable [14] that synthesizes all the advanced PHY and
MAC research studies inside the prajékhis deliverable was provideghd of June 2010 instead of tB&" of

March 2010as initially planned

7.1.3 Results

During the project, the WP2 was composed of 2 distinguished parts, lead in parallel.

The main result during this first WP2 project part waspecify the PHY and MAC functionalities of the UL
SGFDMA prototype and then to provide the link level simulator in order that WP3 starts the hardware
developments. ThB2.1 deliverable[12] addresses the differertenarios that have been considered and details
the different modules implemented in the VO simulator. The link level simulator has been integrated with the
software Galacsy tool based on C/C++ libraries. The VO simulator is depictEgyjure 7-1. The generic
simulator integrates the parameters specifie@idhle 7-1 and Table 7-2. In its VO version, the UL SGDMA
simulator implements the following functionalititsat can be enabled according to the parameter specifications:

- Different channel coding schemes such as convolutional, {bibary or duebinary)or LDPC codes. The
3GPP/LTE coding scheme defined inside the standard is also available;

- Puncturing or ratematching functions in order to adapt the rate (and the throughput) regarding the
Modulation and Coding Scheme (MCS) and the pilot symbols insertion inside the frame structure;

- All the DFT sizes of the SEDMA system proposed in the standard can alsorhalated;

- Insertion of thepilot symbols (for channel estimation and signalization) regarding the 3GPP/LTE framing
definition;

- Possibility to perform either localized or slot hopping betweenfiarhes in order to achieve a better
channel diversity;

- Implementation of the SISO/MIMO propagation SCME channel model defined in the standard. Two kinds
of environments have been modeled: indoor propagation channel model calle® 8@Mthe velocity of
3 Km/h and the SCMB channel that modeled large indoor/outdearironments either at 3Km/h or 120
Km/h;

- At the reception side, the dual transmission functionalities are implemented considering either SISO or
SIMO1x2 transmission.

Then, the VO simulator has been updated with some advanced functionalities leadirg\aé #nd V2
simulators. The additional modules implemented in the V1/V2 simulators are described 2rdeliverable
[13]. Here are listed the updated functionalities:

- Optimization of the LDPC matrices;
- Update of theatematching module in its last version specified by the 3GPP/LTE;

- MIMO/MISO 2x1, 2x2 or 24 coding schemes corresponding to some variants of the well known
Alamouti coding scheme applied either in the frequency (SFBC eBFRLT schemek or in the time
domain (well known STBGchemg

- H-ARQ functionalities;
- Interleaving adaptation with SRS symbols integration;
- Tx and Rx RF impairments adding.

In order to validate the hardware prototype developed in the WP3, the scenarios defined in bolddhley it
(in brackets appears the information block size in bits, i.e. before CRC)adiel7-2 have been simulated by
sharing the simulations between partners.

MCS order Information block sizes| Scenaio 1 | Scenario 2| Scenario 3| Scenario 4| Scenario 5
per user
1 QPSK1/2 144 (120) | 288 (264)| 720 (696) 1440 2880
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(1416) (2856)
2 16QAM 2/3 384 (360) | 768 (744) 1920 3840 7680 =2
(1896) (3816) blocks of
scenario 4
3 64QAM 3/4 (0.7407) | 640 (616) 1280 3200 6400=2 | 12800=4
(1256) (3176) blocks of | blocks of
scenario 3| scenario 3
Table 7-1: Information block sizes per user.
Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4 | Scenario 5
Number of RB(s) per user 1 2 5 10 20
Numbe of potential users 100 50 20 10 5

Table 7-2: Scenarios definition.

For each of these 5 scenarios, simulations have been launched by considering each time:

- Perfect and real channel estimation

- Slot hoppingor not

The repartition of the simulations between partners has been addressed in the following way:
- CEAJ/LETI: SISO SCMB channel at 120Km/h
- MERCE: SISO SCMD channel at 3Km/h
- Orange Labs: SIMO SCND channel at 3Km/h
- Supélec: SIMO SCM channel at 120Km/h
- Eurecom: SIMO SCMB channel at 3Km/h

Considering all these scenarios lead to launch 100 simulakange 7-2 gives an example of the performance
in SCd SIMO configuration at 3Km/h respectively with perfedhannel estimation
(CHEST) without frequency hopping (FH), with real CHEST without FH, with perfect CHEST with FH and

results obtained

with real CHEST with FH. The other performance results are presentedD2 theleliverable[13].

SIMO SCM-D, 3Km/h, perfect chest, wo FH
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SIMO, SCM-D, 3Km/h, perfect chest, FH SIMO SCM-D, 3Km/h, real CHEST, FH
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Figure 7-2 : Example of performance results obtained with the VO simulation platform.

The second part of the WP2 was dedicated to study advanced link and system research topics. So, during the
different progress meetings all partners have presented some research activities studied daR@GIBE

project. These techniques are described iR deliverable[14]. Among the advanced research topics, we

can mation a study dealing with linear equalizer for MIMO -FOMA evaluated in terms of diversity
contribution. Indeed, in theory, the diversity of a MIMO frequency selective channel is LXNtxNr where L is the
channel delay spread and Nt and Nr the number obitnét and receive antennas respectively. However, the
diversity provided by a basic linear equalizer isNN#+1 instead of LXNtxNrFigure 7-3 shows that a system
using fzero paddi ngo eringmbhievestide diwersityrobtaaned by anlieearrzergpforant i | t
(ZF) equalizer IExNrx(Nt 7 Nr + 1)). In addition, it | shown that a MMSE linear equalizer achieves the total
system diversity at low data rate whereas at high data rate it performs the séfreqaslizer.

Nr=2 Ni=2, L=2, N=18, R=0.1bpcu. nsim=2000000 Nr=2, Nt=2, L=2, N=18, R=1bpcu, nsim=2000000
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Figure 7-3 : Performance results of different equalizer in SEFDMA MIMO systems.

7.1.4 List of Milestones and Deliverables

Milestones Planned| Actual
MO | VO link level simulator 01/11/08( 15/12/08
M1 | V1 link level simulator 01/04/09| 10/04/09
M2 | Final advanced link simulator (some bugs correction from V1 plglr?;ed 02/06/09

Table 7-3: List of WP2 milestones.
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Deliverables Planned| Actual

D2.1 | PHY/MAC functionalities definition of the UL demonstrator | 01/07/08| 14/09/08

D2.2 | AdvancedPHY/MAC functionalities definition of the UL
demonstrator

D2.3 | Performance of advanced PHY/MAC studies in MIMO-SC
FDMA and OFDMA radio interfaces

Table 7-4: List of WP2 deliverables.

01/0209 | 15/02/09

31/0310( 30/03/10

7.2 CEA-LETI achievements
T2.17 Specifications of the PHY/MAC functionalities of the demonstrator (01/023081.2/08)

CEA-LETI was involved in the specification of the PHY/MAC layers of the demonstrator based on MIMO and
SCFDMA technol ogi es. LETI 6s contributions dealt wi t |
description of the following functional blocks of thé_ldemonstrator: CRC, bit scrambling, bit interleaving and
LDPC codec for binary codes. Thesentributions were compiled iBeliverable D2.1[12]. In Deliverable
D2.2[13], CEA-LETI specified two advanced PHY/MAC functionalities of the UL demonstrator, namely the
HARQ type | process and the LDPC codec. HARQbrid Automatic Repeat reQueshables retransmission

of erroneous decoded blocks, here with -ahdnnel SAW (Stop And Wait) pracol coupled with Chase
Combining.In the case of a first transmission (positive acknowledgement or Ack), punctured data will be stored
in an HARQTX buffer and then transmitted. In the case of a retransmission (negative acknowledgment or
Nack), the stard data will be transmitted again. As Chase Combining technique is considered, the puncturing
scheme is the same for all (re)transmissi@wncerning the study of the binary LDPC code, the basic idea was

to find a coding/decoding scheme for quaytlic LDPC that offers a good trad#f between performance (PER

/ throughput) and complexity. In the next paragraph, some details on the LDPC scheme and related simulation
results are given. Further simulatiorsués and details are givenreliverable D2.2[13)].

LETI designed LDPC codes such as to meet the following requirements:

9 Flexibility: in order to address multiple coding rates and coded block sizes.
Low memory requirements: for the storage of the parity check matrix
High throughput decoder: up to several Gbit/s

Small silicon area and low power consumption

)l
il
)l
1 Low latency encoder

1 High correction capability

The designed LDPC codes are a particular class of-gyakt LDPC (QGLDPC) codes]]. QC-LDPC codes

are well suited for flexibility issues on the coded block size and exhibit a linear encoding complexity. The code
length (which is equal to the number of coluni®f the parity check matrix) can be adapted to the desired
coded block sizesimply by modifying the value of the expansion fadoin order to address multiple coding

rates, several base matrices have to be used in general (one matrix per coding rate). Also, the decoder throughput
and the encoder latency highly depend on tmebmatrix design.

LETI developed dedicated algorithms for the design of
and 1/2. These algorithms optimize the girth of the parity matrices obta