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Executive Summary

This document describes the implertagion process of the UB®AVINCI-decoder ontolMECO s
wireless demonstration platform. The goal of this wireless demonstratoradate and demonstrate the
DAVINCI -decoder in a redife environment. To do so, the platform is configured for SISEDM
operation where an image used to validate the performance. This visual display gives immediate
feedback on the performance and quality of the transmission.

A large part of the work in this subsection of the work package has been in the actualiomexrtite
DAVINCI -decoderincluding FPGA implementation and debugging wodso, effort had to be speto
modify the existing data path on the wireless platformDidINCI -operation as well as host application
development for final demonstration. Traléwed steps and approaches to reach the demonstrator have
been described in this document.

At the time of writing, the wireless demonstrator features the possibility to transmit a data stream
wirelessly usingMEC6 s SDR pl at for m. Tintegrated hinto rihe datta patheby osthg n g
the DAVINCI -decoder for FPGA designed and delivered by UBS. Currently, the setup only supports
BPSK coding due to the 64QAM version of the decoder still being revdagaending on the availability

of this decoder quporting 64QAM, it will or will not be integrated in the demonstrator seRgruired
modifications to the setup have already been incorporated but have only been testedadiyperf
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1. Introduction

This document describes the demonstratat tvasdevelopedo test theDAVINCI -codes in a redife
environment. The goal of the demonstrator is to create a full data path in hardware to vesifprthe
correcting capabilities of thBAVINCI -codesin a subjective mannefherefore, we will tramait a pre-
encoded RGBmageover a real wireless channel using OFDM modulation wadvill decodeit after
reception. The resulting decoded image will be displayed

The Software Defined Radio platin fromIMEC is used as a base systehmis platform conists of a

host PC, connected to an SDR baseband chip and two analog wirelessniombards through an
FPGA-based motherboard. On this motherboard, some interconnecting logic is implemented, as well as
an FPGAversion of theDAVINCI -decoder.

In chapter2, an overview is given of the different hardware components used to implement the
demonstrator platform. Chapter 3 describes the datarpatainto detail to show what happens to the

data from the beginning of the chain ttee end. Chapter 4 explains Wothe DAVINCI -decoder was
integrated into the FPGAesign and how the decoder was verified. Chapter 5 holds a description of the
modifications that were made to the baseband processing, along with the experiments that were executed
to verify the approachsed for these adaptations. Chapter 6 descitbgisortthe software that is running

on the host PQNext, dhapter 7drawsour conclusios followed by possible futuremprovementson the
demonstrator in chapter 8.

2. Platform overview

Thebaseplatform used for the demonstratoilMdEC6 s S DR wirel ess pl atfor m. The
into detail in[1]. This chapter willonly give asummay of the most impdant aspects of the platform,
together with some modifications that were made especially fdAN4NCI -demonstrator.

Figure2i 1 shows an overview of the SDR platform frdMEC. For the demonstrator, the platform is
configured br SISO operation in the 2.4 GHz ISM band. To keep the demonstrator compact, a full SISO
OFDM link is setup onto one such a platform. To achieve this, the setup will need to support the transmit
and the receive data path simultaneously. For this, two gffi@ot ends are needed: one fiansmit and

one for receive

Baseband:Grizzly/Bear

Analog RF front-end:
2x Scarabeo/Scaldio

Interconnect:

Host:
Cappuccino PC

Figure 2i 1 - Component break down of the wireless demonstration platform
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This results in a demonstrator sewiph 4 different components, as shoabove These ar€l) the host
PC,(2) the FPGAbased motherboard, tii@) SDR baseband board a(®) two analog frorvends.

The host PC controls the demonstrator. It communicates on thevdra level with the FPGhAased
motherboard via a PChard. The PC initializes and configures the platform, both the baseband chip and
the analog fronends. It will handle data transfer between the different components and display the image
that was trasmitted. The specific software running on the host PC is described more into details in

chapter 6.

The FPGAbased motherboard is used as an interconnect between all the different components on the

hardware level. The HAPSBACK (HAPSbard BACKplang FPGAd e si g n

i s running

achieve this. The standard FP@Asign was modified to be able to interface with#e¢/INCI -decoder,
and theDAVINCI -decoder itself was also added to the design. A description of the modificttitmes
FPGA-designfor the demonstrator can be found in chapter 4.

The SDR baseband board hd$t€C6 s ¢ h i

The last components areethwo analog fronends. Each is a single PCB called Scarabeo (SCAldio
Scal dio

RAdio B(E)Oard). Central on this boardIMECS

motherboard.

3. Detailed datapath description

p

S

for

baseband

on t w

pr ofhechipi ng, t he
is software programmable and is responsible for implementing the PHY and low level MAC

functionality. However,no MAC layer was implementefbr the DAVINCI -demonstratarA part of the
baseband processing is done on the host PC as well, instead of on thecBiBARherefore, some
adaptations were needed; these are described in chapter 5.

( S C.AThemebanadog froatd | O) ¢ hi
ends containlathe hardware needdo transceive an (analog) RF signal: they hanttie up and down
conversion of thedigital) baseband signal tand from RF. One of these frominds is configured as
transmitterwhile the other is configured as receiver. Configuration is done by the host PC, via the FPGA

A high-level block diagram otndto-end data path igepicted inFigure 3i 1. It shows how channel
coding is applied on the data, prior to modulation and wireless transmission. At the receiving side,

logically, the reverse process has been implememtfidr demodulation, data is sent to decoder and

finally being displayed on screen

Host PC ‘ r

DV encoder

1

@

o

o

m
DV decoder |=

Display

11
Baseband’ L RF F
Scaldio

Bear Tx
e 1
Baseband’ L RF F
Scaldio

FPGA Rx

Figure 3i 1 - End-to-end datapath

The partitioning on the different taware blocks as described in sectbis also indicated. Data is stored
on a (small form factor) computefhe DAVINCI -encoderis a software process running on this PC.
Output is passed to the Bear chip for baseband proge§die up/down conversion of the baseband
to/from radio frequency is handled by the Scaldio Front End chips. Finally, theDW®EBNCI -decoder

has been i mplemented
also implenented on FPGA

on

har dwar e

Next, transmit and receive data path will be described mareletaik.

(FPGA). The
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3.1Transmit data path

The transmit data path covers from data file to analog transmission. The different blocks in this path are

display in following figure.

—
In

DaVinci
encoder

—

Symbol

Subcarr.

—

IFFT

+Gl

Wave

Analog

mapping mapping

Figure 3i 2 - Transmit data path block diagram

3.1.1Pre-encoding data

Shaping

and RF

»
|

The DAVINCI -encoder is a software application running on the PC. It has been delived®iStand is
used to encode a bit stream (input file) intea@ied symbols. ThBAVINCI -encoder is run separately

from the demonstrator

application.

Ma i

n reason

time. The end result isnsencoded data file that is to be used by the wirel&¥INCI -demonstrair

application.

As input for the decoder, a raw image file is used. The image measures 640x320px in RGB format, 24

bits per pixel making4915200 bitsn total

Before being processed by the encoder, data is scrambled to have a more uniform didataujgalver)

which is needed to achieve a good wireless OFDM transmission.

Parametersised for the encoder are listed below. The listed set has been sent by UBS and also includes a

software decoding run for verification.

Idpc \
-- frames= 6400 -- iter=8 -- matrix=Mat26_N192 Alist  -- snr=100.0 \
-- nm=12 -- offset=2 -- nc=4 -- oper=16 -- quant -- output=result \
-- cnulib=cnupdate/controlflow/.libs/libfb.0.0.0 \
-- cnclib=cnupdate/elementary/.libs/liblbubblecheck.0.0.0 \

-- nsi =6 -- nse=6 -- nsapp=6 \
-- nbfvhd=192 \

-- cstp=10 -- yi_ qr=9.35 -- qr=33
-- appscf=0.5 -- ncam=3 -- nmcv=16 -- gentb
-- input_file=  raw_video_frame.scrambled.rgb

Data from the input files is packed into Galois Field symbols, 6 bits/GF. The coding rate is set to 2/3 with

a framelength of 192 This makes that each frame holds 128 GF of data, prefixed with 64 GF of coding

parity.

The -- frames parameters tells the encoder the amount of frames to process from the input file. 6400

frames are needed to completely cover the 4915200 bits of thedimadite.

- = 491520((b|ts)“ = 6400(frame9
6 (bits/GF)292(GF/frame)34 (coderate)

3.1.2Baseband processing

Preencoded data is sent to the BEAR (Baseband Engine for Adaptive Radio) baseband processing engine

for modulation. For this, the BEAR chip needs to be loaded with firmware for the differentgmeres
the chip(see BEAR section ifil] or Figure 3i 3 below). In case of transmission, tipdatform controller

(ARM) andthe baseband enginADRES processor coyare cafigured.

Page8 (24)
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BEAR SoC /N

Host interface
2 x 8 bits p— FPGA
@ 40 MHz

I

Platform controller
FECE
(Viterbi)

DFE RX tile
Coarse time o
AGC sync
N Baseband
NV engine(s) Multi-binary LDPC
FE interface on daughterboard
TR O ——

Figure 3i 3 - High level BEAR block diagram with its positioning in the platform

I

The ARM has a controlling function such as configuring the different blocks within the chip and setting
up the daa path from in to out on the BEAR. The real data processing (modulation) is done on a
specialized processor architecture called ADRES.

The BEAR is configured for modulating data into WLAN SISO bursts. It has been setup in such a way
that oneDAVINCI -frame (192 GF) maps onto oNéLAN SISO burst
For the BPSK case, this leads to a burst of 24 OFDM data symbols.

192 (GF)( (bits/GF)

- - - =24 (OFDMsymbol3
48(carriersOFDMsymb. YA (bit/carrier; BPSK)

Data is sent to thkost interfacef the BEAR by the maiDAVINCI -demonstrator applicatioffhe 1152

bits of data (192 &/frame x 6 bits/GF) are processetb I/Q samples to make upe data burst. After

this, baseband processing has finished and passes the data to the appropriate Digital Front End (DFE) tile
on the BEAR.

A DFE transmit tile upsamples the I/Q data by etda of 2 (applying antaliasing filteing) before data
goes offchip to the analog front ends for transmission.

3.1.3RF transmission

The digital I/Q samples from the DFE are fed into a DAC and furtheouopersiorinto the 2.4GHzISM
band Thesupportedarget frequeniesused in the demonstratare2.42 GHzand2.44 GHz.

3.2WLAN OFDM burst details

Modulated data is prepended with predefined preamble to form a burst and is subsequentially transmitted.
The time domain representatia the used WLAN OFDM but in the systens illustrated inFigure 3i
4.

120 us

24 us
‘ PREAMBLE ‘ 24 BPSK OFDM symbols ‘
[ Tmee—e
| T
1 e
! 16 us T
[ > T
‘STS‘STS‘STS‘STS‘STS‘ 'SST ‘ cp ‘ LTS LTS ‘

e STS: Short Training Sequence
e LTS: Long Training Sequence
e CP: Cyclic Prefix
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Figure 3i 4 - Wireless burst structure

Mentioned above, thereamble has a fixed structure and consists of 2 major parts:
1. Short Traifing SequencesYTS) used for power detection and coarse synchronisation,
2. Long Training Sequences (LTS) used for channel estimation and fine synchronisation.

The OFDM being transmitted follows a WLAN layout, though having a number of differences compared
to the WLAN 802.11 specification. These differences are of no impact on the demonstré®coding
performance.
Differencesto standard specificaticere
1 Longer preamble duration. The preamble has been enlarged by adding more STS to the front.
This was necessary to compensate for anodigpec frordend settling time. After programming
a new gain value into the SCALDIO chip, it requires some time before the output signal has
stabilized for uséy the blocks further down the receive pathis makeghat the total duration
of the STS equals 16us where the standard definefN8umpact on data processingr coding
capability
1 The last short training sequence symbol is inverfEdis is an historical implementation
difference originating from the HERLAN/2 standard. It enables an easier coarse time
synchronisation during reception (sgxtion3.3.1. Again, it is only used in burst detection and
synchronisation so it has no real impact on data processing.
1 There is no sigal field implemented. This makes that the system is fixed by design to operate in
one predefined mode (eg. BPSK@&QAM). Also payload length has been fixed so all bursts
are constant in length (carrying one enaB&VINCI -frame of 192 GF elements).

As the standard describes, each OFDM data symbol has a wireless duration of 4us. Combined with the
extended preamble, on®AVINCI-burst results in a total airtime of 120 us One burst
carriesl92(GF)? 6 (bits/GF 2/3(coderate) 768effectivedatabits. From this, a maximal achievable

effectivedata rate can be calculated which results in 6.1 MBPSK case)

3.3Receive data path

The received data path is more complicated than its transmit counterpart. This is due to the required
processing for detecting and synchronizing to an incoming burateflsas data shaping (equalizing).

Also, demapping of the transmitted symbols has been modified to comply wihWAWENCI -decoder
interface.

DaVinci Symbol . Subcarr. | ] Channel . . | Detects | | Analog \
Decoder demap. demap Equalize A = c;):nr:e “~ and RF
Channel
Estimate

Figure 3i 57 Received data pathblock diagram

3.3.1Burst detection

At the received side, the air interface is continuously monitored for power. For this, the SCALDIO RF
chip is configured into receive mode and the analog RF signal is-domrerted into its baseband
equivalent. This data is then passed to the A/D avowéor digitization. These received 1/Q samples are
passed to the receiving DFE tile for burst detection and coarse synchronisation.
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b

7 \;
| DCO compensation | —_———— F.E control
interface

AGRAC ———:

Power
detector

jmy =y

SyncPro |- — ™ ™
— — 7| ibuffer | Q buffer
RX R | __ 1
| buffer Q buffer |
|
1
AHB
slave -
- — —Configuration iL {} DFE tiles
Data path

Figure 3i 6 - DFE tile block diagram

Figure 3i 6 aboveshows the DFE interface of the BEAR chip, where the 3 DFE tiles can be seen. The
right part of the tile shows the transmit data path with 1/Q sample buffers and upconversion, while on th
left, the receive path is illustrated.
Highlighted are 2 dedicated processors for achieving detection and synchronisation respectively the
AGRAC with its power detection block and the SyncPro processor. The AGRKE master controller
on the tile. Ithas a Zold responsibility:

1. Implement the Automatic Gain Control state machine to tune the signal so it has optimal

dynamic range.
2. Enable the synchronisation processor (SyncPro) to find a coarse sync point in the burst.

The burst detection and processiflow is presented in a summarized form Eigure 3i 7. A more
elaborated description can be found following the figure.

1. AGRAC started, MAX gain
¢+ 2. Power detected

* 3. AGRAC issues low gain

+ 4. AGRAC issues final gain

N 5. SyncPro enabled

(coarse time sync)
Front-end-settling 6. Sync found
)" -~ .

t SyncPro disabled
time

v v v v v

|
IST
STS | STS | STS STS TS| g cP LTS LTS

| STS l STS

STS l STS

Consumed by AGC; data lost

Syncpro

Baseband (ADRES) processing

Figure 3i 7 - Burst detection principle

As mentioned, th first goal is tatunethe incoming signaso it covers the widestynamic rangeThe
AGRAC does this using a 3 step tuning approach: (1) high power gain reception, (2) low power gain and
(3) target gain.

First, yon startup of the receiving tile, the alog frontend is set into maximal gain. This makes that
signals are maximally amplified before reaching the antenna interface of the DFEhglgaower
detection blockmonitors signals power and is read periodically by the AGRAC controller firmware
When the power crosses a programmed threshold level, the AGBAGes a new gain setting to the
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analog frontend.The threshold level is detemedin such a way the environment noiseednot trigger

the AGRAC control process.

Next, he newly issued gain sty makes the frorénd to go into a low amplification modégain,

signal power is monitored and used for calculating the setting required to achieve the optimal target gain.

Finally, after setting the final gain value, the SyncPro processor is wakémetks in power down mode

all the time to achieve low power operation of the BEAR chip.purpose is to find a coarse time
synchronisation point on the data. The SyncPro features a dedicated VLIW architecture with 3 vector
slots, capable of processinguttiple samples in parallel. The coarse time synchronisation algorithm is
based on peak detection after auto correlating the data saingulethe preamble of a bursthis result

of this operation is shown graphicallyfgure3i 8.

By using the preamble as indicatedrigure3i 4 (ie. with inverted short training sequence)clear peak
can be di=cted.The threshold is required to eliminate false triggers caused by a possible noise or glitches
on the a@ta.

i =
Help B

DEdE| kRa0®|(E(08|( D

¥4 Figure 1
File Edit View Insert Tools Desktop  Win

s _—| Peakdetected

0.8

07

0.6 Threshold

0.5

04

0.3

0.z

01

1]

1} g0 100 150 200 250 felali]

L _
Figure 3i 87 Coarse timesynchronisation peak detectionon preamble.

3.3.2Baseband processing

Baseband processing at the receiver side contains the reciprocal process of the modulation flow for
transmf. When a valid burst has been detected within the DFE (see s8@&id)) data is passeon for
baseband procdasg. Unlike thetransmit side, data processing has been implemented dmo#hePC

instead of on theADRES procesor. The main reason for this approach was that it enabled better
debugging purposes. As a number of baseband processing blocks needed modification, it is much easier
to debug and fine tune on a PC environment. Once the code is finalized, it can be exke¢d the

ADRES processor as is it plain C code which makes it possible to cross processing domains quite easily.

At the receiver, data processing is closely related to the burst build up as présgumtedi 4:
1. Preamble proasing
2. Datasymbolprocessing

In preamble processing, time and frequency offsets are calculated and the channel estimation function is
called. Main outputs are the fine frequency offset and channel coefficient&tindsto compensate the
channel nosidealities on the data symbols. As the coeffigearte obtained only during the preamble
processing, they remain constant during the complete duration of the burst, which is valid in this case as
the bursts are rathehart (ie. 120usfor the BPSK cage

The second part of burst processing is the actual data processing. Received datassgnfibgiistripped
from their guard interval. Nextjemodulation is performed using the FFT core which converts the 1/Q
time domain data to real and imaginary (I/@tal samples in the frequency domain. Using the channel
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coefficients from the preamble processing, data is equal@d® bit signecefore being passed to the
demapper.

In the demapper, the received BPSK symbol is demapped into a 6 bit soft equivdiertheoinput
specifcation of thdDAVINCI -decoder g¢ee sectiorb.1 for more details on this). The end result of this
operation is an array with 1152 entries (192 GF/frame x 6 bits/GF) of 6 bits (soft output) each that needs
to be downloaded to thBAVINCI -decoder to be able to decode 1 BPSK frame.

3.3.3DAVINCI -decoder

The DAVINCI -decoder is configured for stafadone operation on the FPGA. This makes that it waits for
a frame to be available at it input buffer (FIFO) before startinprocess. Oncaframe of soft bits has
been downloaded to the FPGA, the decoding prodass.sThe host then reads tihecodedrameback

for post processing and displaying.

3.3.4Displaying

The DAVINCI-decoder outputs the decodé&hlois Fields togethewith the parity matrix. Before
displaying, thet following actions are needed:
1. Remove parity matrix (64 first elements from the buffer)
2. The 6 bit GF at the output of the decoder end up inhitlBIFO on the FPGA. It is also the host
which strips the ureed 10bits from these 1®it words.
3. Reverse translate from GF to bits to reconstruct original bitstream. This process is the reverse to
what has been implemented in DAVINCI -encodey namelyLSB bit of LSB word out first.
4. As data was scrambled befomgceding, descrabling is performed before being displayed.

The actual displaying process has been implemented separately frEAWHECI -main application. An
inter-processcommunication between the two has been implementgdrsefer the received an@cbded

bits for displaying. The communication has been implemented in such a way that only after 100
DAVINCI -frames received, it updates the screen.

4. Integration of UBS DAVINCI -decoder

4.1 FPGA-design

For the testing of th&®AVINCI-decoder in hardware, theaadard FPGAdesign was used, which is
described into detail ifl]. Some additional entities were added. The decoder was delivered as a package,
containing both the source files and some wrapper files to be able to runem¢bstbhe design wdisst
implementedand thentested using a basic software program, designed rhiS.FPGAimplementation

is described in chaptdr2

The DAVINCI-decoder expects a FlF&like interface at both the inpuhé the outpu{seeFigure4i 1).

Therefore, two different entities were designed: DV_input_fifo and DV_output_fifo. The former serves as

a buffer before the decoder: data can be selected from an external FIFO or one of thelsbu@éFk of t he
HAPSBACK. The latter serves as a buffer between the decoder and a destination FIFO of the
HAPSBACK.

The two interfaces distinct themselves from standar
and oO6room_f or _f r a nmsigldals wakslipeeacptogramenbbie .emplyuk threshold, and

indicate whether a whole frame is ready to be processed or whether it is possible to store a processed
frame entirely. These additional signals are automatically generated, depending on tharmpeagfe@ame

size.

Besides the design of the DV_input_fifo and the DV_output_fifo, some modifications to the decoder

input- and outputinterface were made to be able to provide the frame size to these entities. Next to that,

the timing used in these inteclss was changed to be corresponding to the timing used in the
HAPSBACK. Finally, the HAPSBACK was extended with the possibility to reset and to enable the
decoder. This way, the decoder can be reset without having to reset the full design.
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Figure 4i 1 - DAVINCI -decoder and its interfaces

4.2 Implementation flow

Files need to be synthesised and implemented for a specific target FPGA device to go from a hardware
description (.vhd files) to an FPGA configuratifile. The target device(s) on the HAPS FPGA board are

Virtex-4 LX160 devices.

Integrating theDAVINCI -decoder requires a 2 step synthesis and implementation approach:
1. TheDAVINCI-decoder is synthesised separately using the Xilinx XST synthesis tool,
2. Therest is of the system is synthesisedl implementedsing Synopsys Synplify Premier with
Design plannerwhich in turn calls the Xilinx implementation tools

The reason for this-8tep approach is that we were unable to geD#e&INCI -decoder to work mperly
usingour default Synplify Premier flowThe reason for this is still somewhat unclear but is likely to be
caused by the differences in synthesis algorithms between Synplify and XilinxIXiSTassumed that
Synplify has a different interpretiorf a certain entity description (possibly a memory) and syntheses it
differently compared to XST. No extra time has been investigated into this asstep &orkaround

seems to fulfil the needs.

A high level diagram of the synthesis antplementation flav is shown below.

DAVINCI decoder (.vhd) FPGA sources (vhd)

ﬁ Black box (.ngc) Ei

DAVINCI decoder

Synplify
Premier with 4—@
DeSign planner Constraints (pins,
clocks, etc)

XST synthesis

Netlist

Constraints

Netlist

D FPGA bitfile

Figure 4i 2 - High level flow diagram for the synthesis and implementation process.
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Following tools and versions were used in this process:
1 Synopsis Synplify Premier with Design Plannér0
1 Xilinx ISE v9.2
Both tools were run on Red Hat Enterprise Linux 4 environment.

A traditional approach is first synthiag the VHDL files into a net list and then implement this to map
the netlist onto the targeted FPGA device. Here, the Synplify iBreool has the advantage that i
directly calls the implementation flow during synthesis processing. This should result in better timing and
resource allocation compared to the traditional approach.

Results foronly the DAVINCI -decoder are listed below:
1 20k Virtex-4 slices
1 25 DSP48 units
1 19 Block RAM
1 40 MHz clock

4.3 Decoder verification

With the adapted version of the DAVIN@Ecoder, it is possible to test the decoder with some dummy
data and/or some referee files. Therefore, a basic C programas written, which initializes the
HAPSBACK, feeds some data to the decoder and stores the decoded data in a file.

In a first step, a single frame wasthbn caniphredfoéas was p
reference file. The same was done forfeasn wi t h al | 16s and all 206s. Wh e n
frames with al/l 06s, al | 16s or al | 26s were decod

Afterwards, the same test was repeated without resetting the decoder in betweendgbeTiemnmext step

in the verification process was to decode a mixture
with al/l 20s, without resetting the decoder. As a
random data were decodetiamce. This approach allowed us, in the case of erroneous decoding of the

data, to detecwherethis error was introduced. This could be for example due to timing, due to the

interfacing, due to the decoder itself or even due to the implementation désign. In the end, the

decoder was successfully integrated and verified, allowing us to move on to the next step in creating

wireless demonstrator.

5. Baseband processing adaptations

5.1 Demapper adaptations

5.1.1BPSK

The regular demapper for BPSK receives thestthples (16it signed each) as input and outputs 0x0 or

Oxf for every couple, which represents one bit. Therefore, the MSB ofgample is evaluated, inverted

and multiplied by Oxf. This inversion is needed because when the MSB is a 1, this reaessgdasive

value, which on its turn represents a logical 0. When the MSB is a 0, this represents a positive value,
which represents a logical 1. Since the demapper is a soft demapper, the demapper outputs 0x0 or Oxf,
indicating a probability instead of lzard decided bit. Finally, the soft outputs are grouped per 8 into a
single dword.

For the BPSKversion of the DAVINCldecoder, we have to feed the decode+dt @robability for each

bit of a Galois Field el ement . hTdainme, witteat the sighe need
extension bits, and bring them out of the demapper.
sign extension bits, and use the following 6 bits as input for the decoder. Since the data path, used in the

BEAR, is 12 bitswide for both | and Q, we apply the same approach for packing the bits that we send out

of the demapper. This means we can pack fehit robabilities in every dword we send out of the
demapper, each time stored i n s$ib#lustratéd irEigueb6ié o f both
below.
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Figure5i1i Sel ecti on and packing o-{decadorenBRSKRdils f or t he D

5.1.264QAM

The regular demappéor 64QAM receiveghe IQ-samples (1it signed each) as input, similarly to the

BPSK demapper. Every it value is multiplied by a 16it weight. This product is then shifted right by

10 positions to make sure large values saturate. From this rbselt, t3 MSBo6s are Qt aken as
value. The combination of every and Qvalue is then entered in a looip table, which yields a 24dit

output. In the end, four 2dit outputs are packed into 3 dwords.

For the64QAM-version of the DAVINCidecoder, th proposed approach was, for eachctfple, to

send out the 24 best LLRO&6s and their corresponding
would then be scaled with a factor depending on the noise of the channel. (This scaling is discussed

further in the next section.) A possible approach to achieve this is to map or quantize every incoming 1Q

couple onto a finite set of points. A loalp table would then have to be generated with as many entries as

there are distinct quantization points. This wayery entry from the lockp table can point to the 24

best LLRés and the corresponding Galois Field el eme
This approach is shown schematicallyFigure5i 2 below.

IQ-couple — quantization point —— look-up table entry —» s et of 24 be:
corresponding GF elemen

Figure 5i 27 Look-up table based approach fol64QAM-demapping

The advantage of this approach is that the computations duringmenare minimized since the

computation, sorting and process g of t he L LtiRé andeaergy cohshnging procssses.
However, we must make sure that the |l oss in perfor
overall performance more than allowed. Therefore, some experiments were run to detteennmmeact

of the quantization on the overall performance. A-&gstironment was setp in matlab, consisting of the

C-model of both the DAVINGencoder and th64QAM DAVINCI -decoder and a channel model. This

channel model consists of an interleaver, ppea, an AWGN channel, a demapper and a deinterleaver.

To illustrate the impact of the quantization, the outputs of the AWGN channel are quantized by clipping,

scaling and rounding them. Sin6dQAM uses 8 constellation points for both | and Q, more than 8
guantization points should be used. Therefore we run this experiment for 16, 32 and 64 quantization

points for both | and Q. We use 30 as the maximum number of iterations for the decoder and we set the
number of LLRO&6s to be uosevhlues @sNQ)dwe edeotime roreael0®@ | ect e d
codewords. This will probably be too much for low noise values and maybe not enough to have a perfect

result for high noise values, but the impact of the quantization will become clear after these experiments.

Last, we run these experiments for 3 different quantization methods. These three methods are illustrated

in Figure5i 3 for 16 quantization points. The first method uses symmetric quantization points; the second

uses an extra pdsie quantization point and the third uses an extra negative quantization point.
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Figure 5i 31 Overview of the different quantization methods

The results of these experiments shewn inFigure 5i 4, Figure5i 5 and Figure 5i 6. For each method,

the performance degradation is compared to a reference, which is tggianized computation with
floating point IQ-couples. The first conclusion is that the performance degradation is somewhat less for
the first quantization method with respect to the others, especially for a rather low number of quantization
points.This is illustrated ifFigure5i 7. A second conclusion is that the quantized performance seems to
get better than the reference for higher Esfdllies. This is, as previously mentioned, due to the number

of codewords getting relatively smalleas this is adding some kind ndom factor to the resulting

SER The same goes for the comparison between 32 and 64 quantization points. The last, and probably
the most important conclusion is that the performance loss is abodB@ba SER of 18. This is
illustrated inFigure5i 8. Seen the fact that we foresee a performance gain by using the DADJES

which iisnét significantly | arger, t hup gablembagedh t be an
approach for the demapper. That is why an altereatpproach is also discussed.
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Figure 51 47 Symbol Error Rate (SER) for the first quantization method

Figure 5i 57 Symbol Error Rate (SER) for the second gantization method
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