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Abstract

The proofof-concepts (PoC)n FANTASTIC-5G target to implement key technical compone
developed withirthe project The demonstration aina validating the feasibility and the superior,
of the differenttomponents of the foreseen 5G air interface.

For this activity, several platforms&re being developed in FANTASTIGSG. The planned
demonstratiog are categorized into three main categories: fmw#togonal frequency divisio
multiplexing (OFDM) waveform pototyping, coexistence aspects evaluation armhdrast ang
multicastsoftware defined radibased PoC

This deliverableaims atidentifying PoC scenarios envisaged in the project. As a consequence,
providethe necessary information on the appbgeenariosind selected techniquesdditionally, it
provides adescription of the available/to be developed software and hardware platforms.
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Executive Summary

The proofof-concepts (PoC) in FANTASTISG target to implement key technical components
developed within the project. The demonstration aims at validating the feasibilitghand
superiority of the different components of the foreseen 5G air interface.

This documentintends toprovide the necessary information on the approved scenarids
selected techniques. Additionallit, provides a description of the available/to #eveloped
software and hardware platforms.

The planned PoCs IRANTASTIC-5G are classified into three main categorigsstorthogonal
frequency division multiplexing (OFDMyaveform prototyping, coexistence aspects evaluation
and software defined radio PR) - based demonstration fenhancedroadcast and multicast
transmission.

Taking into account thgbostOFDM waveformsare foreseen as key enablers to several 5G
scenarios atheyenhance system robustness to different types of impairments, th@ st
prototyping addresses the building of PoCs for the algorittewslopedn FANTASTIC-5G to
tackle open issues like synchronization, channel estimation, equalization, effitiktihinput
multi-output(MIMO) support and pulse shape adaptation.

To that ed, the development of Filter Bank MuGiarrier (FBMC), Flexible ConfiguredFC)-
OFDM, and UniversalFiltered (UF)-OFDM transceivers is intended from algorithm
simplification and optimization to eboard validation and demonstratidrhe transceivers will

be tested in both vehiculamassive machine communicatio®MC) and Mission critical
communication (MCC¥cenariosThe differentkey performance indicator&PIs) are specified

to include power consumption, hardware complexityprerate, power leakage, throughput,
latency and robustness against Doppler and synchronization édalisonally, flexible 2x2
MIMO -FBMC basedransceiver based on software programmable hardiswa@nsideredvith

the objective of conducting a trad& analysis of complexity vampairments robustness.vs
throughput. The main focus is on relaxed synchronization and channel estimation in multi
antenna case. The applied scenariosreleged to MBB core servicend 50Mbps everywhere
use caseFurthermore Pulse shaped OFDMP-OFDM) for timing adjustment(TA)-free low
latency transmissiodlemonstrator igargetedwhere a hardwarm-the-loop platform will be
adoptedfor the performance evaluatiomhe P-OFDM demonstratiormain focusis on two
different scenarios; the asynchronous uplink transmissioklkd€ scenario in addition thigh
mobility vehicular communication scenario. The KPIs to be considered include reliability in
terms of packet error ra{PER)andbit error rate BER), robustness in high Doppler scenarios
complexity and latency aspectast but not least, a modified waveform for MCC scenarios will
be implemented with the focus on low latency transmission under reliability constraints as
defined by the MCC services in tliactory automation scenario. The KPIs to be evaluated
include latency percentiles, latency jitter, and reliability targets under given data rate demands

The basic ideaf the coexistence aspects evaluation is focusing onirtiementationof
different waveformsl i k e Cycks &Peefix (CP}YOFDM, as well as modified FBMC and
filtered CROFDM waveforms in dense networks in order to evalsigeal to interference
noise ratio §INR), resulting data rates, interference power as in the adjacent channekleakag
power ratiolACLR), and carriefrequency offset§CFO) when comparing orthogonal and non
orthogonal waveforms.

Eventually, a efficient and reliable integration of broadcast and multicast services with mobile
broadband wireless networks will benefit an efficient provision of multiple senicéss
systems Techniques are being developed within FANTASBIG to efficiently expldi the use
of MIMO and nonrorthogonal transmission as well as advanced protocol solutiokd16-
D4.1]. In particularthe advancedechniques thatre beingdeveloped in FANTASTIESG to
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enable multicast transmissions to different multicast groups by éhefMIMO techniques but,

at the same time, provide a common broadcast layer to all users will be demonstrated using
softwaredefinedradio (SDR) platform. The KBIto be evaluated includeER BER, SNR at

the user equipment (UE) and aggregated througbfithe cell.
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1l ntroducti on

1.1 Objective of the document

A wide range of developed techniqueghe FANTASTIG5G projectwill be demonstrated to
validate the feasibility of these techniques and comiper@with the state of the art to illustrate
the unique features BFANTASTIC-5G solutions.

Considering the plannegroof-of-conceptgPoQ in FANTASTIC-5G, thisdeliverabletargets
providing the following information:

1 Approved scenarios:including the specification of the considered «seses as well as
the system parameters atite targeted KRlbased on the ones already specified in
[FAN15IR21].

1 Selected techniqueswhich focuses on the specification of the technique to be adopted.
In case a technique is currently developed within FANTASS&; the corresponding
work package and task are specifiedparticular, techniques that will be applied based
on the theoreti research carried out in WP3 and WP4 will be highlighted.

1 Platform description: which provides a description of pepartner available/to be
developed software and hardware platforms.

1.2 Structure of t he document

The rest of the documeist organized indur sections,

Sedion 2 targets the description of thgostorthogonal frequency division multiplexing
(OFDM) waveform prototyping PoC where Sien 2.1 consides the flexible PoC foffilter
bank multi-carrier offset quadrature amplitude modulatioFBMC-OQAM), Flexible
Configured FC)-FBMC andUniversatFiltered (UF)-FBMC transceivers. Séon 2.2 addresses
the multiple-input multiple-output MIMO-FBMC transceiver based on software programmable
hardwarewhile Setion 2.3 explains the yise shaped OFDM fdiming adjustmeniTA)-free

low latency transmissiorSedion 2.4 focuses on the PoC related to pastd parameterized
OFDM waveforms for low latencydansmission

The information related to the PoC of the coexistence aspealgation(co-existence beteen
waveforms in adjacent bands described in SectioB while the broadcast and multicast
software defined radibased PoGs described in Section. #inally, Section 5 concludes this
report.
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2PosGFDM waveform prototyping

21 Fl exi bl e PeOF DiMo rwaProesftor ms

211 Scenari os, use cases, system par a

PostOFDM waveforms are foreseen as key enablers to several 5G scenatiey @shance

system robustness to different types of impairmgradN16-D31]. Telecom Bretagamintends to

develop aflexible PoC for posOFDM waveforms. Jointly with Orange and NOK, three
candidate waveforms wild.| be i mplemented and i
platform: FBMC FC-OFDM, and UFOFDM.

The target PoC environment is illested in Figure 21 where one board emulatesuaer
equipment UE) physical layer (transmitter side), and a second board is used to emulate the base
station (receiverside). Both boards are extended by an RF interface to enabkdér on
transmission. TheTX and RX of different waveforms are implemented on the Field
Programmable Gate Array (FPGA) part of the Zy0 SoC. The control and interface are
ensured by a dualore Advanced RISC Machines (ARM) cortex A9 processor embedded in the
Zyng SoC and through the development of a dedicated Graphical User Interface (GUI). Details
about the characteristics of the boards and the development framework are provided at the end
of this section.

Zynqg -7000 All Programmable  SoC
i Programmable Logic (FPGA) T ADFMCOMMSRF frontend

E

RTL Hardware ) | = A MIMO 2x2
Accelerators ek J))) A 70 MHzto 6 GHz 2x2 RF
A 200 KHz to 56 MHz BW
(((( A 12 bits @ 122.88 MSPS ADC/DAC

Embedded) |
swW |
'-;—__~
TX GU[LabVIEW) T RX GUI
= s
Sl wl i P e . z
B~ == ; [l HHE
—t-:b e R till S
Host SW ﬁ

Figure 2-1: Flexible PoC for Post-OFDM waveforms.

The target PoC will consider at least the following scenarios.
Vehicular communications

This scenario corresponds to the establishment of communicationninkgbile environments

such as between the classical infrastructure and a moving vehicle, or communication between
vehicles (V2X). Indeed,impairments appear in a situation where users are subject to high
Doppler, for instance in a high speed vehicle, romitrain. The purpose is to illustrate the
robustness of pofDFDM waveforms against Doppler shift compared dgclic prefix
orthogonal frequencydivision multiplexing (CP-OFDM). The PoC will describe a situation
where a user in a high speed vehicle ugdoan image or streamingvideo to the basstation

(uplink communication).

The effect of high mobility iemulatedin the demonstratodirectly in hardwarethrough a
dedicated rediime channel emulator implementing the appropotposed in [YNL13].This
approach consists of using averlapsave methodbased on FFTgp generate in real time and
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at low memory cost the channel coefficients (Rayleigh sequences correlated with Doppler). A
dedicated FPGA will be used to implement this channel emulaher.extent of the mobility

effect will be defined at a later stage depending on the demonstration and -leysem
requirements specified in WP2. The GUI at the transmitter side is used to select mapping and
modulation parameters like the quadrature atugdi modulation (QAM) constellation order,

the Fast Fourier Transform (FFT) and the cyclic prefix (CP) sizes, the number of active
subcarriers, etc. The GUI at the receiver side displays relevant key performance indicators
(KPIs).

Massive machine communiations

In a dense network, cellular users may coexist with Massive machine communications-(MMC)
type users such as sensors; for example by sharing the same spectrum resources. Under power
and signaling overhead constraints, perfect synchronization maybeogasily ensured.
Therefore, interference is created between subcarriers allocated to different services or even
allocated to the same type of services but to differerg dfEsensors. The key aspect of this

PoC scenario is to assess the behavior of@&R2M waveforms and statef the art CFOFDM

in the context of asynchronous links foreseen in MMC. The target PoC setup emulates a
situation where a massive number of sensors send short packets of information to the base
station. To avoid closkop synchonization and lower the power consumption of the sensors,
relaxed synchronizatiooommunication is considered in this demonstration. The sensors do not
require an accurate knowledge of the tib@se of the base station. They walefrom sleep

mode and trnasmit information to the base station using the-gllecated subbands without
applying any TAprocedure. In this context, sensors send sgiadl image files to the base
station for simulating the transmission of a few bits of information at low data Thase
sensors are allocated on different subcarriers and experience different levels of synchronization
misalignment with respect to the existing, already occupied, fragmented spectrum. The
fragmented spectrum can be the result of the transmissionsesfsensors or broadband users.

Due to this lack of synchronization, the fragmented spectrum acts as interference for the
considered sensors. A configurable gulatid is inserted around the subcarriers allocated to
the considered sensors. Several levElaterference can be illustrated by controlling the timing
offset. The flexible platform illustrated iRigure 21 will be used for this scenario wituited

GUI at the transmitter side to select system parameters like QAM constellation order, number of
subcarriers in the guaitthnd, number of active subcarriers, etc. The GUI at the receiver side
displays relevant KPIg\t thereceiverside(base statin), theavailableantennaof the RF board

is used to emulate massive traffic framterferingsensorsn the case of MMC uplink scenario.

Mission critical communications

In mission critical communication (MCC) related scenarios, sensor and controlage®ss
need to be transmitted between communicating elements with very low latency and very
high reliability. Typical use cases of MCC are safety and security applications (e.g. video
surveillance, intrusion detection), vital sign monitoring,tdag automation, etc. The high
reliability requirement needs appropriate techniques such as conservative link adaptation, hybrid
automatic repeat request (HARQ) and diversity sources (e.g. multiple antennas). On the other
hand, posOFDM waveforms can alle reachingthe very low latency requirement by reducing

the Time Transmission Interval (TTI) compared to long time evolution (LTE). TTI can be
reduced by decreasing the symbol duration of the candidate waveform, which is equivalent to
increasing thesubcarrier spacing. However, using multiple services with different numerology

in the same frequency bandwidth can cause severe interferences between these services.

The target PoC will consider MCC related scenarios to illustrate how the candidate wavefor
can support the very low latency requirement of MCC services. Furthermore, the coeXistence
the same bandwidtigspects with more conventional services like Mobile BroadBand (MBB)
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usingdifferent numerologies can be considered. The flexible platfdiustiated inFigure 21

will be used for this scenario with appropriate GUI at the transmitter side to select the
corresponding specific parameteesg( TTI). The GUI at the receiver side displays relevant
KPIs in terms of latency and bit error rate (BER), in addition to the KPIs related to the
implementation complexity.

For all targetd scenarios, st system parameters are selected from LTE for adsyn
purpose.

UsingT el e c o m BPoGpladognsaevdradperformance metricsan be evaluated such as:

1 Power consumption (comparative measures using considered FPGA platforms, and
accurate estimation for applicatispecific integrated circuit (ASIGarget technology)
Hardware complexity (computational and memories)

Power spectral density (compliance to a particular spectral mask, measureobf out
band leakage)

Channel impulse response (visualization for the current frame)

Error-rate computation (pt of BER curves)

Throughput evaluation (gross and net bitrate)

Latency (number of clock cycles)

Robustness against Doppler and synchronization errors

E

= =4 —a —a A

212 FBMC transceiver algorithm and
Advantages of FBMC/OQAM with respect toCP-OFDM

FBMC is a multicarrier transmission scheme that introduces a-lidtek to enable efficient
pulse shaping for the signal conveyed on each individual subcarrier. This additional element
represents an array of bapdss filters that separate the input signe multiple components

or subcarriers, each one carrying a single frequencjpant of the original signal. The process

of decomposition performed by the filter bank is called analysis (meaning analysis of the signal
in terms of its components in eashbband); the output of analysis is referred to as absurul

signal with as many sulbands as there are filters in the filter bank. The reconstruction process
is called synthesis, meaning reconstitution of a complete signal resulting from the filtering
process. Such a transceiver structure usually requires a higher implementation complexity
related not only to the filtering steps but also to the applied modifications to the
modulator/demodulator architecture. However, the usage of digital polyphase bilid
structures [BD74][SSL02], together with the rapid growth of digital processing capabilities in
recent years have made FBMC a practically feasible approach.

As a promising variant of filtered modulation schemes, FBMC/OQAM, originally proposed in
[Sal67] and also called OFDM/OQAM [SSLO2], can usually achieve a higher spectral
efficiency thanCP-OFDM since it does not require the insertion of a CP. Additional advantages
include the robustness against highly variant fading channel conditions and imperfec
synchronizations by selecting the appropriate prototype filter type and coefficients [LGS14].

4G/LTE is based of€P-OFDM multicarrier modulation. According to Balidow theorem
[Balg81], CP-OFDM:

1) respects the complex orthogonality,

2) is poorly localizedn frequency domain by adopting a rectangulaveform,

3) wastes part of the available bandwidth due to the addition of a CP.

The property in 2) results into a high @ot-Band Power Leakage (OOBPL) and large guard
bands have to be inserted to resp®CLR requirement. Furthermore, it results into a poor
robustness against Doppler shift and spread. Further possible disadvantages of the
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correspondingCP-OFDM system are related to flexible spectrum usage scenarios, where
spectrum sharing and fragmented usage not efficiently supported. To overcome the
shortcomings 2) and 3) @P-OFDM, FBMC/OQAM:

a) relaxes to real field orthogonality,

b) is better localized inhe time-frequencyplane as defined by théleisenberg parameter
[DS1(Q, depending on the usguototype filter,

c) uses efficiently available bandwidth to achieve a higher spectral efficiency.

Property a) is obtained by changing the way QAM symbols are mapped onto each subcarrier.
Instead of sending a complex symbol (I and Q) of durafidike in classical CPOFDM, the

real and imaginary parts are separated and sent with an off§& @fence the name Offset
QAM). Improvement b) comes from the introduction of the filbhank and therefore highly
depends on its type and coefficients. Property chésdonsequence of the absence of a CP.
Previous published works have identified two major design criteria for an FBMC/OQAM
system:

1 Time Frequencyocalization (TFL) criterion: for a better localized waveform in time
and frequency domains thanks to the giygte filter. It is predictable that FBMC
systems exhibit better robustness thar@HM in doublydispersive channels and in
the case of communications with synchronization errors. To this purpose, filter designs
with the optimized TFL criterion have be@moposed, such as Isotropic Orthogonal
Transform Algorithm with overlapping factog)(equals to 4 (IOTA4) [FAB95].

1 Lower sideband criterion: for achieving low enftband power leakage in frequency
domain and for improving spectrum coexistence with roflystems. To this purpose,
particular filter types should be used such as MavlirabassiBellange with g equals
to 4 (MMB4) [LGS14][Mar98], considered for FBMC/OQAM during PHYDYAS
project [PHYD].

FBMC/OQAM constitutes an enabler to several 5G senasdas enhances system robustness to
different types of impairments. For instance, the robustness of FBMC/OQAM against Doppler
shift and spread can be exploited to support vehicular to anything (V2X) services. Furthermore,
asynchronous communication candrevisaged with FBMC/OQAM thanks to its low OOBPL,
enabling MMC services.

FBMC/OQAM system description and implementation

In the literature, typical implementation of FBMC/OQAM employs a PolyPhase Network (PPN)
based structure [Hir81]. It is composed okdnverse fast Fourier transform (IFFT) followed by
one PPN for the filtering stage, and enables a low complexity implementation of the
FBMC/OQAM transceiver. To support the OQAM scheme, the IFFT and the PPN must be
duplicated, except at the transmittates thanks to the reduced complexity transmitter structure
proposed in [NAB16].

If 0 is the total number of available suohrriers,0 the number of FBMC symbols in one radio
frame andd & the Pulseamplitude modulation (PAM) symbol at subcarriadex& and
time slot¢, then the baseband sigrialQ can be mathematically decomposed into the
following equations:

1 o

h 1)
i Q B "QQ :de Qh )
600 B & da%a4aQ h A3)
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with Q p. To keep the orthogonality in the re@lél, % & must be a quadrature phase
rotation term%. & Q. The impulse response of the prototype filtefQswith "Q"Q
nmwhen'@ 10 p , whered is the length of the prototype filter0( 1 0). Finally,
equation (1) islecomposed between everg ) and odd¢¢  p) FBMC time index symbols to
represent the final overlapping sum due to OQAM processing.

Figure 22 illustrates all the required steps to compute the FBMC/OQAM baseband modulation
signal using PPN implementation, and can be deduced from the previous equations:

1) & & is obtained from a QW mapper equivalent t&€P-OFDM, with separation of
real and imaginary parts respectively at time ingiexandg¢e  p.

2) The preprocessing unit computes the phase #%snt .

3) 6 Q in equation (3) represents the outputs of two IFFT blocks which gsoce
separately the real and imaginary saloriers.

4) Finally, equation (2) shows tRPNfilter decomposition, and the final overlap and sum
due to OQAM processing is described in equation (1).

It is possible to avoid the use of two IFFT blocks at tia@smitter side through the use of
pruned FFT algorithm. This leads to a reducethplexity implementation presented in the
work detailed in [NAB16] and [DS11]. When using a short filtgr ( p), this latter can be
seen as a windowing operation: the aspof the IFFT are simply multiplied by the prototype
filter impulse respons® Consequently, the hardwatemplexity overhead introduced by the
PPN is limited.

a OFDMwith CP (TX) N\

QAM constellation

by QAM Cn(M) jppT | .
data Mapper LengthM
sn(k)

\_

Insert CP

FBMC/OQAM (TX)

PAM constellation I branch e

aZn(m Pre- iIFFT Yzn(®k) "’
oMM M processing > LengthM >IPP )
er
s(k
| l+ ®

b real .
i o [ S
e i
Pi S 1 Uzn+1 (kg
proc::sing !::g';;r nt P P
azn+1(m)

T Q branch S

\PA consteliation|

Figure 2-2: CP-OFDM and FBMC/OQAM system description.
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Recever side implementation applies dual operations with respect to the ones performed by the
constituent blocks of the transmitter. The IFFT must be replaced by an FFT, and all the
operation order must be reversed: PPN, FFT thergrosessing and OQAM demger.

Planned activities with respect to the current available FBMC/OQAM PoC

This activity takes advantage of an available FBMC/OQAM PoC. The objective is to evaluate
the impact of this waveform on other signal processing techniques such as synchmnizatio
equalization, channel estimation, and MIMOypical SoTA techniques will be considered in
addition to the investigation of novel algorithms and optimizations. Some of these techniques
are detailed below, and otlsevill be explored during the project.

The equalization procedure tends to be more difficult due to the absence of CP when the delay
spread of the multipath channel is large. Thus, rtafts equalizer seems to be required
[CPK14] instead of the lowomplexity oneap equalizer as ilCP-OFDM. However, the
FrequencySpread (FS) implementation of the FBMC/OQAM enables to correctly equalize
multipath channel without increasing the complexity of the equalizer. The principle is to process
the filtering stage in the frequency domain instead of thee tibomain for the PPN
implementation. Thus, orft@p equalization can be achieved between the FFT and the filtering
operation, and outperforms the PPN implementation when facing multipath channel [DBC+14].
Furthermore, the FS implementation also enables ramtly increase the robustness of
FBMC/OQAM against timing errors due to imperfect synchronization up to 25% of the symbol
duration for the case of MMB4 filter [DBC+14]. Therefore, one tap equalizer will be
implemented and tested with FS implementaiosecond known issue of the FBMC/OQAM
modulation concerns the presence of a tail at the beginning and the end of a radio frame due to
the filter convolution. Since 5G aims to use short frame sizes for several communication
scenarios in order to reduce latgf&6G-PPR, the resulting spectral efficiency losses can be
nonnegligible. However, the tail length is directly related to the length of the used prototype
filter. Thus, a short filtetike TFL1 (lengthd samples)PS13]only hasa tail of lengthM/2
sanples (due to the OQAM schemepreatly reducing the spectral efficiency loss and the
hardware complexity at the cost of a slightly higher OOBPL when compared with long
prototype filterdike MMB4 [DBC+14]. Both TFL1 and PHYDYAS filters will be implemented

and comparedh terns of spectral efficiencyhardware complexitgnd performance

Finally, a principal challenge of the FBMC/OQAM modulation concerns the use of MIMO
techniques, mainly in case of spatial diversity. Indeed, the FBMC/OQAM baseband simial is
segmented in independent blocks a€MOFDM due to its overlapping nature. Thus, applying
Alamouti scheme to FBMC/OQAM results in unavoidable intrinsic interference [LSL10]. It is
however possible to group the OQAM symbols in a psdudck structue to avoid
interferences as proposed in [RIS10]. There is however two issues with this solution. First, it
increases the memory requirement of the transceiver, since all the samgfesme have to be
stored. Second, this solution introduces a spedfftiency loss. However, the memory
overhead is reduced in the case of short frame size, and the spectral efficiency loss is also
reduced in case of short prototype filtdfsrtunately, this intrinsic interference is avoidable in
the case of spatiahultiplexing. However, maximum likelihood (ML) detection complexity may
represent a main challenge for a hardware design in this case.

213 FCOFDM transceiver algorithm and
functional ity

Motivation for using a flexible waveform in 5G

In cellular communication systems, the most advanced technology, i.e. LT#&a@opts the
CP-OFDM as its physical layer modulation scheme, which has proven to be very efficient for
the Mobile BroadBand (MBB) service. One particularity of 5G is the mnselvice
environment. Besides the traditional MBB service, 5G cellular systems expect to offer other
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emerging services such as MMC avigX. Although CROFDM is already well optimized for
MBB, its application in other service scenarios is still questiorafdefar from optimum.

As an alternative solution to @GBPFDM, FBMC/OQAM has been seriously investigated in
MMC and V2X scenarios due to its ability of supporting high mobility and relaxing
synchronization constraint. According to the METp®&ject conclusins METIS-D65], the
FBMC/OQAM modulation is indeed advantageous and suitable for the machine type
applications. However, FBMC/OQAM is not fully compatible with OFiglsed solutions such

as MIMO and pilot design, so that the LTE pilots and MIMO design aarie
straightforwardly reused in the FBMC/OQAbased systems. It is a serious challenge for the
FBMC/OQAM scheme, since the best effort MBB, which seeks for more throughput with
advanced MIMO solutions [IDM+11][RPL+13], will continue playing a major tinléuture 5G
systems. Therefore, it is naturally preferred that any potential 5G waveform candidate shall
prove that, besides its advantages, its usage will not create severe negative impact on the MBB
service.

Motivated by the above facts, alternativeusions have to be considered. In a ma#ivice
environment, it can be difficult to find a offies-all scheme. Moreover, an ideal modulation
scheme should be flexibly adaptable when the requested service changes. For this purpose, the
proposed FEOFDM sdution [Lin15] aims to enable a stiandbased flexible configuration
depending on the requested services. It can confitheefilter coefficients as well as the
signaling mode for the muiervice adaptation. Thereforés high degree of waveform
flexibility can bring superior performance than fixed waveform sckesneh aCP-OFDM or
FBMC/OQAM.

FC-OFDM system description and implementation

The idea of FEOFDM is to allow the basstation to independently configure the waveform
characteristic within &h sukband (Resource Block in 4G/LTE) according to Hilcated
service. Thus, each sitand can be configured with 4G/LTE based waveform for MBB type
services or with filtered waveform for emergent 5G services as V2X or MMC. For this purpose,
three cofiguration modeswhich can coexist within the same bandwidth, are proposed for the
downlink transmission:

9 Configuration mode 1 corresponds to a class@tROFDM modulation with insertion

of a CP. Thus, it is fully compatible witdBB services currently provided in 4G/LTE

standard. I n addition, a postyx and a wi
OOBPL.
1 Configuration mode 2 can be seen as an FBMC/OQAM modulation using-sirfelf
shaped filter with overlapping factor equal to heTmajor difference is the introduction
of postpr ocessing stage after t he Il FFT whi ch

windowing operation. This mode conserves some advantages of FBMC/OQAM
described inthe previous sulsection For instance, it can be useéd improve the
robustness against Doppler shift/spread in case of high mobility for V2X services, or for
MMC services due to its capability to support asynchronous communication.

1 Configuration mode 3 uses the same modulation and processing techniqaerdede
for mode 2, but at half data rate. Only PAM symbols are sent through the channel
instead of OQAM symbols. The principal advantage of this mode is its orthogonality to
both mode 1 and mode 2. Thus, instead of inserting a guard band (composed of null
subcarriers), FOFDM with configuration mode 3 can be used between twebans
respectively configured in mode 1 and 2 to avoid importantitospectral efficiency
[Lin15].

Table2-1 summarizes the properties of these three configuration modes.

Dissemination levelPublic Pagel8/54



FANTASTIC-5G DeliverableD5.1

Table 2-1: Characteristics of the three FC-OFDM configuration modes.

Mode Filter shape Coefficients Even symbol Oddsymbol Orthogonality

index index
1 Rectangular  [1] QAM 0 Complex, with mode 1 and <
2 Half-sine [1,-1] PAM PAM Real, with mode 2 and 3.
3 Half-sine [1,-1] PAM 0 Real, with mode 1, 2 and 3.

The implementation of the FOFDM modulator is based on two IF§Tas showrFigure 23.

First, a QAM mapper is used for mode 1, and a PAM mapper followed by a quadrature phase
rotator is used for mode 2 and 3. Then, for these two last modes, a filtering operation is realized
in frequency domain. It consists of a trivial convolution with coefficients-{1, which
corresponds to a hadine shape in time domain. The advantage of using a frequency
representation is that only one IFFS to be used to compute the 3 modes at thmeséime
(instead of 3 IFFTs), since each mode generates a set -chgidrs which can be mapped
directly to the IFFT. However, to support mode 2, a second IFFT must be used to generate the
staggered path due to the OQAM processing, at odd symbol index.

The postiFFT processing irFigure 23 contains two steps. In the first step, a prefix and a
postyx are appended to the ti megurd Bdrttee prafix modul at
not only includes a CP but also an interval devoted to windowing calleebRatiterval (RI);

whil e the postyx onl ylIFAT procesainy¢osharlling theNpefixarav e r |, p
postyx at even symbol index is different from
staggered path for OQAM processing. ifsan be seen froifigure 24, at even symbol index,

the prefix is a duplicate of the l[dst 0 samples of the modulated symbol, where and

O are the intervals of the CP and RI 04 n sampl e
samples of the modulated symbol, is appended at the end. Concerning the odd symbol index

case, the modulated symbol is first evenly cut into two portibimsn, the prefix is added to the
beginning of the second half portion; whil e th
portion. In the second step, a windowing operation is applied on the Rl samples, for instance

with a raised cosine window dsetwindow function.
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Figure 2-4: Post-IFFT processing at even and odd symbol index.

Concerning receiver side, dual operations mustded to recover the QAM/PAM samples:
remove CP, RI and window, FFT, filtering then quadrature phase rotation and extraction of the
real part for mode 2 and 3.
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As in CP-OFDM modulation, FEOFDM uses a CP and thus suffers from spectral efficiency
losses. Hwvever, due to a better spectral confinement thanks to the attenuated secondary lobes,
10 RBs (120 sulsarriers) can be saved for a bandwidtf20 MHz in 4G/LTE when compared

to CP-OFDM, increasing the spectral efficiency by around 10% [Lin15]. Although th
introduction of a protection band between mode 1 and mode 2 and the loss afatrertdue

to the filtering operation of mode 2 and 3,-EEDM can potentially achieve better spectral
efficiency thanCP-OFDM.

The FGOFDM solution for uplink is naturafl different from that of the downlink as it targets
different use cases. The details of the@®EDM uplink solution are reported [RAN16-D31].

214 UFOFDM transceiver algorithm and ¢
functional ity

UF-OFDM is a promising 5G waveform candidate [WSEBIN16-D31], close to CFOFDM,

but with improved spectral properties. A novel frequency domain generagtinod for UF
OFDM is proposedwhere overlapping subbands are superimposed to bring dowdRDM
multi-carrier modulator complexity almost as low adactor of 2 above CPFDM, with a
negligible approximation error.Only the reduced complexity UOFDM transmitter
implementation as described hereaftdl be considered for hardware implementation and joint
PoC

Baseline UFOFDM complexity

In order to introduce the reduced complexity-OFDM modulator, we provide first a brief
summary of théaseline frequency domain implementation. For upsampiiregdata symbols
in frequency domain requike FFTs of sizd) 0 ando IFFTs of size), whered represents
the number of subbands, aind the upsampling factor applied to the modulator (¢ for a
good tradeoff between complexity and performanf&/S15]). For the frequency domain
filtering @0 0 real operations are needed.n8uing up the subband contributions leads to
¢O0 pU 0 real summations. Finally an IFFT of sige U is required Thus the overall
complexity can be expressed as follows:

@ 6M@0 0 Q0 6 0 ¢6 pOv O QU O (4)

which is at least by factar 6 higher than CROFDM. For LTElike multi-carrier parameters

with 15 kHz subcarrier spacing and a physical resource block (PRB) size op & "Qa 20

MHz bandwidth consists od p m®RBs. So UFOFDM i n t hi s-f oerxcaecot b
frequency domain generation case, with full band transmissionld have more than 200

times the complexity of G®FDM. This is not desirable and thus an alternative solution has to

be designed.

For comparisonthe matrixvectoroperationbased timelomain baseline implementation, the
fitextbook approacah for one subbandequires

@ ; Ww ¢ 0 0 p (5)
This has to be executédtimes. Ina full bandallocation itholdsé t0 0. For 6 t® ;
usingequation (5)the complexity order thus becomes)

ReducedUF-OFDM complexity

The idea for reducing the frequency domain implementat@anplexity exploits the fact that
subbandsignals have to bgenerated with a lower sample rate, compared to the full band.
Furthermore, the proposedchnique cuts the signal in gi@ency and time to provide a low
complex frequency domaisignal approximation. The aim is to make the approximatioor
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negligible, e.g. much smaller than any distortions cabgdtie subsequent RF chagrocessing
and digital RF prprocessing.

In the proposed reduced complexityr-OFDM transmitter (Figure -B),d small( -sized
IFFTs have to be carried out, as wellBasmall0 0 -sized FFTs. The frequency domain
filtering requires) 0 complex multiplications per subband.

All subband contributionbave to be added up. Ndtet this does naiccountfor the additions
of known zero positions. Thus, the summatibs: is accounted for as addidg  instead

of£ . Then alargéy U-IFFT is made. All theseperations for UFOFDM multicarrier
modulation sunup intothe following expression:

0 QU 0 0 Q U MO 0 o0 0
¢c6 p 0O O (6)

The complexity order forUF-OFDM is thusG 01 T0C, like CP-OFDM. The overall
complexity is at least by factor higher than CROFDM.

Further details about the reduced complexignsmitter for UFOFDM can be found in
reference [WS15]. In addition, the implementation of new improvements will be considered
this joint PoC in aecond phase
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Figure 2-5: Principle of UF-OFDM frequency domain signal approximation, illustrating
generation of one subband with 4 H

215 Pl atform description

Available hardware resources

The available proebf-concept platform from Telecom Bretagne is suited for investigation of
digital baseband algorithms and related hardware complexity (Figtle Zhe digital
processing is handled by the ZedBoard which integrates the recent Xiliroed&yng7000

All Programmable SoC (System on Chip). This device, which belongs to the latest series 7
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Xilinx programmable circuits, integrates a deare ARM CortexA9 processing system
clocked at 677 MHz. The processing system integrates in additierat@eripheral controllers

for communication (including 2 instantiations of-tnbde gigabit Ethernet and USB2.0) and
external memory management.

The platform can be programmed through two integrated interfaces: alUSB interface
available through a Mro-B USB connector and a traditional Platform Cable JTAG connector.
Once programmed, it runs typically in a standalone mode. Other executions modes (e.g. a
hardwarein-the-loop system prototyping) can be built by the system designer using the on
board awilable communication interface (e.g. 10M/100M/1G Ethernet and USB 2.0).
Furthermore, an embedded Linux kernel is included for running on the ARMd&lCortex

A9 with all required device drivers. This configuration opens interesting perspectives for a
target demonstration where the software part is executdoband rather than on a host
computer.

This digital baseband platform aired with offtheshelf RF modules (Figure-P). Several
boards are available with 1x1 or 2x2 RF capabilithsajog Devces ADFMCOMMS1/2EBZ
daughterboards). The RF interface is softwareble across a wide range (70 MHz to 6 GHz)
with varying channel bandwidth (200 KHz to 56 MHz). The board integratdst IZ2ACs and
ADC. Regarding the software development aspect,Lfnlix support is provided by Analog
Devices. Furthermore, a dedicated applicaposgramming interface is available and can be
used without an operating system to interact with theFMICOMMS1/2EBZ boards. The
possibility to connect the AIBMCOMMS1-EBZ RF board to higkcapacity FPGA boards
opens interesting perspectives on the demonstration of a wide range of contengive
FPGAbased radio applications.

Development framework

The different developmensteps from algorithm specification to emoard validation and
demonstration, are summarizedHigure 26.

The development framework entry consists of the description of the technical component to be
demonstrated and the related aspects of usage scenarios and estimated performances. The
description ofthe technical component includes the followin:a( detailed description of the
proposed algorithm/techniquei)(a reference software model, including a reference software
testbench, andii) supported system parameters, including those relatec tatpet channel

models.

The first step in the development framework starts by analyzing the selected technical
component considering an implementation/demonstration perspective. The objectivestiapthis

is to achieve simplified algorithms which are table for hardware implementation. It also
targets the exploration of inherent properties of the algorithm which can be exploited for low
power implementations. In this context, quantization issues are studied in order to propose
efficient numeric represégtion of the processed data algorithm. Impact of the proposed
optimizations is assessed and compared against the MATLAB reference model and the
target/estimated KPIs. Algorithm parallelization techniques are proposed and their efficiency is
characterizedFurthermore, besides the computation complexity, communication and memory
requirements (size and access rates) are analyzed isteépiand optimization techniques are
proposed. Results comparison considering the different proposedDPD& transmission
techniques and the referen€®OFDM one are conducted at tisiepand at all the subsequent
developmensteps
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Development framework entry
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(e.g PostOFDMmodulator)
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- System parameters
Pha SH\—(—

Algorithm Simplification and Optimisation

- Simplified algorithms suitable for HW implementation

- Efficient numeric representation (Quantization issues)
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Figure 2-6: Development framework of the flexible PoC for Post-OFDM waveforms.

The secondstep concerns the dital hardware architecture exploration. The objective is to
exploit efficiently the proposed algorithm optimization techniques by selecting the most suitable
hardware architectural choices in order to fulfil the target KPIs. Catibm of
algorithm/archigécture optimization techniquese explored and proposed in this context with
emphasis on parallelism techniques and architecture efficiency. The outcome etethis
consists of an original architecture fully specified and ready for the hardware implementation
step The attainable performances are also fully characterized and compared to the reference
ones from the MATLAB reference models. Thatep includes also theefinement of the
reference softwarenodel (including the tediench) into a bitrue model for validation and to

be used as a reference for the hardware implementation.

The third step in the development framework concerns the hardware implementatiothesing
adequate design methodologies and tools for the devised architecture. Besides the traditional
digital hardware design approaches, the platform environment includes recent design
methodologies and tools related to systewel design, highevel synthsis, application
specific instructiorset processor (ASIP) based design, multiprocessor architecture models, and
networkon-chip design [MBM14]. The required design tools and expertise are available to
evaluate and compare the implementation results siiekel in terms of throughput, latency,

area (complexity), energy consumption, and error rate performance. Validation and comparison
with the reference software model are conducted at this level through behavioral and post
synthesis simulations.
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The last step concerns the choard implementation and the development of the final
demonstrator environment. Typically, a complete communication system which integrates the
considered technical component is developed and prototyped on the targetbBS€aA
platform. This includeptimized hardware architectuoé the transmitter, the channel model,

the receiver, a performance evaluation module, and a global controller.

22 FBM®™MI MO transceiver based on
programmabl e hardwar e

221 Scenari os, Uus e craasneest, e rssy sanedm KpRal

Flexible and #icient use of all available nezontiguous spectra for widelyftierent network
deployment scenarids one challenge for the future 5G. Taximize spectral efficiengythe

5G air interface technologies will need toflexible and capable of mapping various services to
the best suitable combinations of frequency and radio resources. Thérextditity and good
frequencylocalization of the waveform are key requirements.

The well localized frequency responseFBMC ertitles the use of fragmented spectrum with
minor interference on adjacent bands. Vgopd performances asdso demonstrated in nen
synchronous access (whatever tinee delay between usef$JAN16-D31]. However, under the
time-frequency localization relmnship, the time localization is saficed, makingFBMC
difficult to adapt to short packet size. On the other hand, the absence of guard period gives
FBMC an éficiency gain for larger packet size or broadcast transmission (in the DL for
instance] FAN16-D31].

As discussed in sectidhl.2 one of the challenges FBMC waveform is facing is the ttiap

to multiple antenna scheme®IMO decoding is indeed an open issue with FBMC/OQAM
waveforms. Contrary tcCP-OFDM, the complexorthogonality is broken and is used for
multiplexing interference and datkn case of Alamouti scheme, perfect reconstruction of the
signal is not possible due to the interference term. ML detectors are possible but the complexity
of such detectobroughtby the seHinterference generated by FBME not compatible with
conventional receiver order of complexifyhis issue is not straightforward and concepts have
to berevisited which is the main goal of this PoC

The objective of this PoC ighusto combne an FBMGbased waveform with ax2 MIMO
scheme, while conducting a tradf analysis of complexity vsimpairments robustness .vs
throughput. This PoC will allow evaluating the performance of the proposed scheme with a
focus on relaxed synchronization and channel estimation in the-antéthna caseAs a
consequence, the goals of the PoC are threefold: demonstrate that-heE@vaveform is
compatible with MIMO, show the impact of 5G waveform on legacy LTE (in a- non
synchronous use casevhere ceexistence between the waveforms in adjacent bands is
considerejland investigate the frame structure for FBMC.

The flexible 2x2 MIMO FBMC-like transceiverdeveloped by CEA will bévased on software
programmable hardware including a large Zynq FPGA for baseband processing, an ARM dual
core processor for the control and an off the shelf RF-&adt

The architecture of the transceivethsis based around 3 main elements [&Sgere 27):

- Large FPGA for intensive sample based computations (main PHY layer)
- Flexible embedded microprocessor (ARM) built around Linux OS for control
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- Agile RF Transceiver IC with ability to provide at least 2x2M®. Using an agile RF
component allows for flexible carrier frequency, with a support for current 4G bands
from 700MHz to 2.6GHz.

ARM
Linux OS

Agile RF

Figure 2-7: overall architecture of the transceiver.

The target PoC environment is illustratedFigure 28 where one board emulates& base
station (transmitter side) and a second board is used to emulate a 5G user equiu@ieRt

side) Both digital boards are extended by an RF interface to eral@ethe-air transmission.

The TX and RX ofthe waveformswill be implemented on th&ynq SoC (FPGA and ARM)

The control and interface are ensurediiyARM cortex A9 processor embedded in the Zynq
SoC and through the development of a dedicated Graphical Usdate (GUI). The GUI at

the transmitter side is used to select mapping and modulation parameters like the quadrature
amplitude modulation (QAM) constellation order, the Fast Fourier Transform (FFT) and the
cyclic prefix (CP) sizes, the number of activebsarriers, etc. The GUI at the receiver side
displays relevanperformance metricsThe coexistence aspects with classical LTE waveform
will be also considered as can be seerrigire 28, in an HW in the loop approach meaning
that the LTE/OFDM part wilhot be implemented in real HWhe MIMO channel will be an
overthe-air channel that includes the TX and RX RF boards.

Core Multi RAT [ channel
Network eNodeB o7 s [ ]

Guard

Service Z, 5G band

time

Objectives of the demo

- Demonstrate FBMC waveform

compatible with MIMO

- Impact of 5G waveform on legacy L
(non synchronous)

W - Frame structure for FBMC
] | |

Figure 2-8: Envisaged scenario for MIMO FBMC PoC

The main system parameten® following the LTE @ MHz baseline, meaning a resource block
granularity of 180kHz and a TTI granularity of Ins where each radio is 10ms lornbhe
maximum number of resource bladk 52 leading to a useful bit rate of 58 Mbps (2x2 mode
with spatial multiplexing, and 6@AM 3/4 for the modulation and coding scheme). The
scenariounder consideratiors thusrelated to MBB core servicend 50Mbps everywhere use
case.
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Theperformance metrsrelated to this proof of concept are:

- Hardware complexity (computational and memories)

- Bit Error Rate BER)/ Packet Error Rate (PER) estimationawerthe-air transmission
- Throughput evaluation

- Out-of-band leakage

As can be seen from section 2.1t2her e are compl ementarities be
TelecomBretagné s Po C on MI MO TE&RMBretaghtvikk investigate block

wise Alamouti using short prototype téf, CEA will focus onFBMC-based waveform

combined with spatial multiplexing.

222 PHY and MAC | ayer transceiver alg
functionality.

The proposed applicatiomill implementparts of a 5G downlink physical layer transmitter and
receiver. To keep the complexity of this application at a reasonably level, only a subget of th
LTE physical layer features defined for 3GPPE compliant devices is implemented. The
following sectiongives a detailed overview over the implemented PHY features

The downlink transmitter and receiver include the implementations of the following ¢stanne
- Primary Synchronization Channel (PSCHUilt from a ZadoffChu sequence
- Secondary Synchronization Channel (SSAHijit from a ZadoHChu sequence

- Physical Broadcast Channel (PBCH) our proposed application, it carries information about
cell andthe set of the active physical resource blankailable for allocation.

- Referencesignals based on distributed pilots (time/frequency)
- Physical Downlink control channel (PDCCH)
- Physical Downlink Shared Channel (PDSCH)

2221 Architecture overview for the transmitter

The downlink transmitter will be implementaa the CEALeti platform. A simplified block
diagram is depicted iRigure 29.
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Figure 2-9: Simplified block diagram of the proposed DL Tx

As shown in the simpliéd block diagram irFigure 29, the transmitteperforms the following
tasks:

- Physical Broadcast Channel (PBCH) encoding

- Physical Downlink Control Channel (PDCCH) encoding

- Physical Downlink Shared Channel (PDSCH) encoding

- Mapping to RE and antenna prodagsf needed

- Time domain conversion and filtering

An allocation with a granularity of ths is possible for the UE. The dynamic configuration of
the active RB within the cell can be managed everm40

2222 Architecture overview for the receiver

The dwnlink receiverwill be alsoimplemented into th&€€CEA-L e t HWY/SW platform. As
shown in the simplified block diagram Figure2-10, it performs the following tasks:

- Synchronization and carrier frequeraffset (CFO) compensation

- Frequency domain convéna and filtering

- Demapping of the resource elements to the different physical channels

- Channel estimation and interpolation

- Equalization and MIMO detection

- Physical Downlink Control Channel (PDCCH) decoding

- Physical Downlink Shared Channel (PDSGQié¢roding
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Frequency domain
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Figure 2-10: Simplified block diagram of the proposed DL Rx

The downlink receiver receives the IQ samples in time domain from the RF. The digital Front
End (DFE) perfams the 1Q impairments compensatiafigital down conversion, frequency
shift and the down conversion from the ADC sample rate to the minimal sampling frequency.

The first processing step in the downlinke®er is the synchronization.o@rse time domain
synchronization is performdohsedon the statistical properties of the signal (actorelation)

Then the primary and secondary synchronization ssgreme used for radiframe
synchronization. Carrier frequencjfset (CFO) compensation is also performed based on an
estimation derivedrém the synchronization algorithms. When the receiver has two received
antennas, the initial synchronization is done on the antenna port with the maxeoeired
power. The primary synchronization signal is detected by a correlation on the sign of the
received signal. Only a subset of positons tested thanks to the previous coarse
synchronization process. To avoid misdetection, a validation unit checks that the peak amplitude
is higher than a given threshold. After multiple synchronization signals atected
consecutively the position of the start of the radio frame is calculated. This position is used to
pass an entire timaligned radio frame to the subsequent modules.

After the frequency domain transformation, physical downlink chararel decodedFirst the
PBCH channel is extracted as depictedFigure 211. The PSCH and8SCH are used to
perform channel estimation. Linear interpolation is used to compute the channel cosfiicient
each RsourceElement (RE) Then each RE is equalized and QP S#ndpping is performed
with corresponding Log Likelihood Ratio (LLR) computation. Then the transport channel is
decoded after dmterleaving, dé rate matchmg and Viterbi decoding. The CRC is checked and

if no error is detected, BCH message is extraatatttermindhe set ofactive RBsavailable for
allocation If the CRC is not correct, a new synchronization process is asked.
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Figure 2-11: Simplified block diagram of the DL Physical channel processing

When the messagearried by the PBCH is decoded, the activesRiBe extracted for each

antenna and the PDCCH channel is decoded to determine the UE allocations. After that

reference signals are demodulated for eadeiveantenna. Channel coefficients at reference

signallocations are estimated after amplitude and sign compensation. A finegiR@tion is

then performednd the Channel Impulse RespoisseomputedBased on this new information,

a frequency interpolation is performed followed by a time interpolation. The time interpolation

is limited toa linear interpolation on 1msh{s part could be enhanced in the future if needed).

Channel coefficients for ehcresource elements are stored and fed to the next processing

blocks.

Given the active REand the corresponding channel coefficients, RE corresponding to PDCCH

are equalized. Whe8pace Frequency Block CodeHBQ is used, a simple linear detection is

peformed (ZF). LLRs are then fed to the transport channel decoder. If the CRC is valid, the
UEs allocation is extracted. If the control manager detects that a resource block is dedicated to

the UE of interest, the MCS and active RBs are interpreted alRith8 CH d elaioglaeer 6

configured and activated. PDSCH are decoded and payload bits are sent to next layer when the

CRC is valid.

The algorithms related to the PHY layand the FBMGbased wavefornfor this PoC are

currently under specification within B (T3.1 and T3.2)especially focusing on the following
aspects that are MIMO scheraed FBMC adaptatigrchannel estimation and synchronization.

Further details on these building blockad associated algorithmill be given in future

deliverableof WP3 and WP5

223 Pl atform descr

TheCEALet i 6s HW pl atform

ption

i s composed o flLetia

ma i

and an offthe-shelf radio frequency board named ARRADIO and developed by Terasic. These
two boards are duplicated for Transmitter anddReer parts. As a consequence, the equipment
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is identical for both transmitter and receiver, only their programming is different between TX
and RX sides.

2.23.1 Architectureof CEA-Let i 6 s main boar d

The baseband processing is performed on CEAt i 6 s whéreas radiostransmission is
done using the AD9361 chips of ARRADIO Terasic board.

The main baseband board has a reduced size (110x75mm) but still with high computational
capabilities. Indeed, its main component is a high end D¢gXilinx FPGA, which integrates
a dual CortexA9 ARM microprocessor with many interfaces possibilities.

22311 Main components
As described ifrigure 212, the main components di¢ baseband board are:

1 1 FPGA Xilinx Zyng XC7Z0451lFFG676C (350K Logic cells / 900 DSP (25x18

multiplier) / 545 Blocks RAM 36Kb)

1 This Zyng SoC (system on chip) integrates also 1 dual ARM CGé®emicroprocessor
with its peripherals: two 1000 Mbps ethernet MACUZB OTG, 2 SD controllers, 2
full duplex SPI ports, 2 high spe&iARTé
1 dual ADC AD964250 14 bits / 250 MHz
1 dual DAC AD9122 16 bits / 1230 Msps (with 3 interpolators, NCO and integrated
digital mixer)

1 ethernet transceiver 88E1518 (ethernet 10/100/1000Mps)

1 microSD card (compact flash) for ARM and FPGA programming

1 Flash memory 512Mbits S25FL512

1 dual LNA/VGA AD8332

External interfaces:

0 1 Samtec QSHI90 connector for HSMC (high speed mezzanine card) daughter

board plugin. Digital HCMOS 1v8 and LVDS links directly connected to
FPGA.

0 2 Samtec QSIB20 connectors for other daughter board pitug

0 1 ethernet RJ4Bonnector

0 4 SMA connectors for analog Tx/Rx signals.

= =4

=a =4 —a —a A

2.2.3.1.2 Functional block diagram

The main baseband processing is done in the Xilinx FPGA X7Z045. The ARM processor
manages the MAC interfaces in Linux environment and also the interfaces with the external
world.

The plugin of different daughter board types is possible on €E&At i 6 s mai n boar d:

91 Daughter boards with fully digital interfaces through HSMC connector. These daughter
boards are plugged on the bottom side of the CEAt i 6 s main board throu
090 Samtec connector.
1 Daugther boards with analog signal interfaces. These daughter boards are plugged on
the top side of the main CEAet i 6 s board t h-020 uSgmtec t h e t w
connectors).
At the transmitter side, the conversion from baseband signals tmtermediate
frequency signal can be done inside the AD9122 DAC, which integrates interpolators
and NCO modulation. At the receiver side, the dual conversion (IF to baseband) can be
done in the FPGA. Additional HCMOS 3v3 lines are also available om tQ&E
connectors for the control of the daughter by the main board.
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2.23.13

The printed circuit board of CER et i 6 s

Figure 2-12: CEA-Let i 6 s

PCB and dimensions

ma

ma i

in

n board

board i s

archi

045 is connected to the PLL, ADC, DAC and HSMC ARRADIO daughter board through LVDS
links. The main board routing and PCB is depicte#igure 213.

Figure 2-13: CEA-Let i 6s

mai n
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ng
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