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Uplink Format of DVB-RCS 7

* Framing : MPEG-2 Transport Stream

* Coding Turbo-Code : (DVB-RCS)

* Modulation : QPSK, roll-off 0.35

* Access : MF-TDMA

e Carrier spacing : 1.5k.Rs(k=1, 2,4, 8 and 16)

 Information data rates : k.R1 (R1=0.518 Mbps and
k=1,2,4,8and 16)



Downlink Format of DVB-S2

Powerful FEC system based on LDPC (Low-Density Parity Check) codes
Wide range of code rates (from 1/4 up to 9/10)

New Modulation schemes ranging from 2 to 5 bit/second/Hz spectrum
efficiency - QPSK, 8PSK, 16APSK, 32APSK

Set of three spectrum shapes with roll-off factors 0.35, 0.25 and 0.20

Flexible stream adapter, suitable to operate with single and multiple TS on

the same carrier with different modulation and FEC

Variable & Adaptive Coding and Modulation (VCM/ACM) functionality,
allowing to optimise channel coding and modulation on a frame-by-frame

basis



System Configuration (Uplink) @43_

o

DEMDEC DEMDEC DEMDEC DEMDEC _ o
1.2.3.4 , 2.3.4.5 , 345 ! 4512 DEMDEC
i i 5023

SPECIFICATION VALUES

Bandwidth 36 MHz Dynamic B.W. allocation
1.5k.Rs (k=1, 2, 4, 8 and 16)
IF freq. 950-1450 MHz
Framing MPEG-2 TS /Generic stream
Access Mode MF-TDMA
User/ Provider Terminal DVB-RCS Standard
Signal Error Correction Turbo Code- Rates (4/5)

Modulation QPSK, a =0.35



SAS

IF Freq.

Access Mode

DVB-S2 Standard
Data Rate(MAX)

Coding

Modulation Scheme

Type of Services

Downlink

\' SPECIFICATION VALUES

950-2150 MHz (L band)
TDM

Yes

50 Mbps —rate Y2
28.125 Mbps — rate 8/9
27.78 Mbps- rate 9/10
LDPC Inner Coding rates
QPSK (1/2)
8PSK(9/10)
16APSK(8/9)
With data frame length normal (64800)
BCH Outer Coding Bit Interleaving
QPSK, 8PSK, 16APSK a = 0. 20
CCM, VCM, ACM (on above three MODCOD)

Broadcast — QPSK with ¥2 coding
DSNG(IP based) -- 8 PSK with 9/10 coding

Unicast Interactive IP service (ACM mode)-16 APSK with 8/9

Coding




DVB-S2 Generic Stream

e The transmission is organised in FRAMES (train wagons)
» Each frame transports a FEC CODE BLOCK (64800 bit) or (16200 bit).

» For Adaptive Coding and Modulation (ACM), protection may
change frame-by-frame

FRAME
Code Block H Code Block H Code Block H
QPSK 1/2 8-PSK 9/10 16 APSK 8/9

Source:
Alberto Morello

>
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DVB-S2 Transport Stream, Single Input ,

CCM Mode Implementation

* Input Interface
—  MPEG-2 TS : 188 bytes
—  CRC-8: X8+X7+X6&+X4+X?+1
« Baseband Framing and Header insertion
— DFL : 32208 bits (Fixed for ¥2 Code rate)
«  Stream Adaptation
—  Zero Padding : off for transport stream
—  Baseband scrambling
« FEC Encoder
- BCH
—  LDPC (code rate 1/2)
— Interleaver

FPGA : XC5VEX130T

*Bit mapping
—QPSK
*Physical Layer Framing and Scrambling
—PL header : 90 symbols
*SOF
*MODCOD

—Dummy Frame Insertion : (36 slots Un-
modulated)

—PLFRAME : QPSK data 360 slots (1 slot=90
symbols)

*RRC Filter
—0.20 roll-off

Waveform Fﬁﬁms -38.263mg -38.262ms -38.281mg -38.260ms
| PN I NI PRI IPY NPV VU (TI SNY [PV (U NPU SNV (NI ST BV
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Implementation Diagram

MODE ADAPTATION
E-Ingl& DATA -i--ll-'l'l'iiill-ll'l'll Slﬂ'ﬂﬂlﬁ!ﬁ :lI!---------------------|
— -
Input Jnput Stream & Null-packets CROE | & ottY * Dotted sub-systems are  ®
Stream .F'F"'Dh""”'“" 7 Deletion =) i Buffer 3 H Jevant f =
= .-l' (ACM, TS) Encoder = not relevant for H
AL H H .
COMMAN '-uuu.n-..........: _I_.:"""""""""II = single transport stream 2
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rates 1/4,1/3,25 16APSK, Filot insertion 0,20
. 1/2, 3/5, 23, 3/4, 4/5, 32APSK
: &6, &9, 910
: LLLLLLLLLY Bit
© | fpapoems| BB BCH LDPC gt | mapper B8 Filter
E E : SCRAM = Encoder Encoder Inter- == CE::;[:EI . ------ BLER Quadrature =
Mode . :| BLER (MochyKien) (Mraeeskicpe) 3 leaver \ations ||| & Dummy Modulation
Adaptation skpeneRe | . FLFH#ME.
n -
. STREAM o LJosertiona
foptional) ADAPTATION FEC ENCODING MAPPING || PL FRAMING MODULATION
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BBHEADER . | d
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DVBS2 Functional Block Diagram
(Courtesy: ETSI EN 302307)
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DVB-S2 Transport Stream, Single Input -
CCM Mode Implementation

. Input Interface "Bit mapping
— MPEG-2TS: 188 bytes —QPSK
. CRC-8: XB+XT+X6+X4+X2+1 *Physical Layer Framing and Scrambling
»  Baseband Framing and Header insertion —PL header : 90 symbols
—  DFL : 32208 bits (Fixed for ¥ Code rate) *SOF
«  Stream Adaptation *MODCOD
—  Zero Padding : off for transport stream —Dummy Frame Insertion : (36 slots Un-
—  Baseband scrambling modulated)
- FEC Encoder —PLFRAME : QPSK data 360 slots (1 slot=90
- BCH symbols)
—  LDPC (code rate 1/2) *RRC Filter
—  Interleaver —0.20 roll-off

FPGA : XC5VEX130T

Waveform Fﬁﬁms -38.263mg -38.262ms | -382?1ms . -SS.Z!ISDms
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[l | | - [ | | MPEG-2 Transport Stream
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_;Aaapmon He acer] Payload (184 bytes)

Ttansp;ﬁ Stream Packet — 188 bytes

/

-
—

continuity _counter (4 bits)
adaptation_field__control (2 bits)

transport_scrambiing _control (2 bits)
PID (13 bits)

transport_priority (1 bit)
payload_unit_start_indicator (1 bit)

transport_ermor_indicator (1 bit)
sync_byte (8 bits)

1 Koen-DFL-80
< 80 bits I DFL .

BBHEADER DATA FIELD PADDING

BBFRAMIE (Kpen bits) >




B S2 Baseband Frame Generation /1

Subsysiem

Physhical layer framing

To Workspaced
To Workspaced To Workspace1

SNR (dB)

To Workspace6
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2 Baseband Frame Generation+|

Yin1 out1 |»

Physhical layer framing

(7

outt

simout8
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IDVB-RCS UPLINK SIMULATION @4
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DVB-S2 DOWNLINK “A--
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@- Hardware Development A
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* Hardware development:
» End to End demonstrations is completed as per following

BURST DEMODULATOR
QPSK 4/5

DVB-52 FRAME

TURBO DECODER GENERATION

10.24 MBPS BROADCAST MODE
QPSK 4/5 Turbo Decoder WITH LDPC 1/2

DVB-RCS to DVB S2 PROCESSING PAYLOAD

DVB-RCS GROUND MODEM
MODULATOR DVB-52 BROADCAST

MPEG2-TS PACKET@ 8.192 Mbps
4/5 ETSI TURBO ENCODER



DVB-RCS to DVB S2 POWER ESTIMATION RESULTS:-

input power output power symbol
input frequen level level clk PRBS rate modulation t C/MN Eb/NO

10 99

1 10.23 MHz 0 dBm -16.93 131.072 PRBS 23 1 Mbps QPSK 14 dB
10.99

2 10.23 MHz -1 dBm -16.94 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

3 10.23 MHz -2 dBm -18.01 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

4 10.23 MHz -3 dBm -19.78 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

5 10.23 MHz -4 dBm -21.72 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

& 10.23 MHz -5 dBm -23.43 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

7 10.23 MHz -6 dBm -25.36 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

=3 10.23 MHz -7 dBm -27.29 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

9 10.23 MHz -8 dBm -29.31 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

10 10.23 MHz -9 dBm -31.45 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

11 10.23 MHz -10 dBm -33.33 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

12 10.23 MHz -11 dBm -35.42 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

13 10.23 MHz -12 dBm -37.31 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

14 10.23 MHz -13 dBm -39.45 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

15 10.23 MHz -14 dBm -41.21 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

16 10.23 MHz -15 dBm -43.37 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

17 10.23 MHz -16 dBm -45.36 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

18 10.23 MHz -17 dBm -47.27 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

19 10.23 MHz -18 dBm -49.34 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

20 10.23 MHz -19 dBm -51.46 131.072 PRBS 23 1 Mbps QPSK dB 14 dB
10.99

21 10.23 MHz -20 dBm -53.48 131.072 PRBS 23 1 Mbps QPSK dB 14 dB




DVB-RCS to DVB S2 POWER ESTIMATION RESULTS:-

when noise power toggled:
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Technology Development “A--
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Key features
* Complete digital implementation.
s 2x clock required of RRC filter.
* Alpha can be .05 to .75.
s With sinx /x equalization .
“* No data rate limitation.



:
Comparison of Methodology for RRC 3“4'5" "

MATLAG Purposed design

_ Filter design Approach Window Frequency Sampling
_ Sampling frequency requirement > data rate > data rate

_ Roll off Any value Any value
Design parameter ° Filter order o Filter order
° Window o IDDFT length
° Sampling frequency o Data rate
. Cutoff frequency o Bandwidth
. Bandwidth/roll-off o roll-off
design parameter control o No direct control over e Precise control over passband
passhand and  stopband and stopband frequency
frequency o No Separate control over
° No Separate control over bandwidth and roll off
bandwidth and roll off
_ Gibbs phenomena Observed No
- Sine(x)/x equalization Separate filter design requirement  Integrated with in the purposed code



QPSK Modulation

X pigital Demod - Agikent %00 VS o T . i

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help (7]
PliloT.: @ 28 - AR H M R 50 %)|0%) Color Norma
ot ke e Y o i s syms'evs |
Rng10 V
15
EVM = 1.0771 %rms 3.2409 %pk at sym 615
= & MagErr = 758517 m%rms 25992 %pk at sym 1299
-Q Phase Err= 44008 mdeg  -1.8007 deg pk at sym 1095
300 FreqErr = $.3942 mHz SNR(MER) = 39.355 dB
= 1Q Offset = -92.819 dB Rho = 0.99989
Idiv Quad Err = 95649 mdeg Gain Imb = 0.005 dB
L L =
18 0 11010011 11001001 00011010 10000011 01000001 10010011
48 01111101 11101101 01100000 11011100 10011001 11011001
4601563 4.6015625 96 00001010 10010101 11010001 01100000 10110011 11111000

144 00110100 00001101 00100001 11101111 10010101 01100000

— 192 10000010 11001110 10100001 10110011 00100000 10110001
B:ChiSpectnan S 240 01101010 11100000 10110001 00011010 10011101 01011100

Rng 30 dBm 288 10111010 10011111 00110110 10001110 00100110 00110000
24 336 01001110 01001001 11100001 00000000 01010000 00011000
dBm 384 10001111 01011100 11101110 01000011 11000010 00110100
e 432 10010011 00101000 11110000 01100011 11010000 10101100
gMag 480 11001000 00011100 01101101 00000100 11010111 00101010
10 528 01000011 10010011 01101101 01111111 01100000 00101000
dB g DIRGLLE | NN | I 5 O 576 11110100 10100111 10101011 01001010 10010011 01000111
idiv , 624 00010001 00011010 01110101 10101110 00101011 11110100
672 01011111 10001011 10010001 01011101 00011000 00000100
-124 | W 720 10000010 00110111 01000000 10011111 01011000 01101110
démf__| ' 768 01110110 11010000 00100001 00010000 00110010 11110001
Center 18.75 MHz Span15MHz | 16 00110100 00100111 01001111 10010101 11001000 00111010

Res BW 485.608 Hz TimeLen 7.865104 mSec

Measurement running IR AL Neede




#% Digital Demod - Agilent 89600 VSA Software

8-PSK Modulation

. g 0¥

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

L]

PIlOIT.: @ i
| A: Chl 8PSK Meas Time | 20.4] D: Chl 8PSK Syms/Errs
Rng 10 V
8 EVM = 86646 m%ms 24912 %pk at sym 601
MagErr = 60969 m%rms 23622 %pk at sym 601
-Q PhaseErr= 35272 mdeg 12943 deg pk at sym 965
300 FreqErr = 418786  mHz  SNR(MER) = 41245 dB
m IQ Offset = 69.014 dB AmpDroop = 508.7 ndBisym
Idiv QuadErr = 114083  mdeg Gain Imb = 0. dB
15 0 00110101 00110010 10000100 10001101 10011111 01000010
48 00010111 10111010 10000011 01110111 10110100 11010111
4601563 46015625 96 10110110 11101001 11110111 01000100 10111100 11000010
144 01001111 10011100 01001101 01100101 11010011 00010100
s - 192 10011111 00111011 10111100 01101001 01111101 10001100
L CalSpectimn ) 240 11111101 11111010 11110001 11001110 10001110 11011010
Rng 30 dBm 288 00001111 11000011 00010100 11010101 10111101 00001010
24 336 01011100 01110110 10001000 00011101 11100100 00000000
dBm ) 384 01100010 01110101 11101100 01110111 10001100 01111001
- 432 10000110 01010000 01011100 01111110 00001000 10010110
ghlag 480 01111011 01100000 11010000 00111111 00110110 01001111
10 528 10100000 11010011 11110110 01010110 10010111 11011100
dB - B 576 01011011 01101100 10101110 00111100 01011100 00101010
idiv 624 00101100 11001101 00010101 11010100 10001001 10000001
4 | 672 10000011 00001100 10100011 01111010 01101011 11111010
; U I 720 01001001 01100011 11010010 00010001 10100100 10000101
dBm ] 768 00111011 10010011 00100100 10000111 10110101 11010011
Center 18.75 MHz ‘ Span15MHz | 846 01011010 10101111 10110101 00110101 01000100 01011011
Res BW 485.608 Hz TimeLen 7.865104 mSec

| wrser |

Measurement running




16-APSK Modulation

#% Digital Demod - Agilent 83600 VSA Software

-l e

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help

Pl DU Q - B[ H M FnE
\VA:Chl APSKI6DVB Meas Time | v D: Chl APSKI6DVB Syms/Errs
Rng 10 V
1 EVM = 42897 %rms 11565 %pk at sym 1679
g T MagErr = 11611  %rms 36530  %pk at sym 3275
-Q Phase Err= 6.8310 deg 20181 deg pk at sym 1679
300 A n FreqErr = 1.1562 mHz  Time Offset = N/A
o i W IQ Offset = 41.321 dB  SNR{MER) = 26.307 dB
idiv Quad Err = 63.962 mdeg Gain Imb = 0.003 dB
. . R2IR1 = 3.0059
15 .o
0 SCECDES3 CAS4C1E7 83CC4D76 7DADDOCS 95838A0D 39CC733B
4601563 46015625 48 88038388 FSAO3DCA 3415611C DCBC76A3 C55FSDES 7DCSB18B
96 558DD2AD 6877A3F3 SBCBSSSE C52853A1 F1AED33C C6D32771
- 144 5C918BAD 85143MA 3D310C79 AASSA017 2A5TCTEC 865ADA3F
&:ChiSpoctrmm S 192 71FA7838 98CE33C3 (6318318 D3E78415 38DEDC25 D7DS9CAE
Rng 30 dBm 240 1C811FD3 6D855A2C 10D7C3A9 A1FD7715 F3141AD1 5215975A
24 288 7A23523A 55890848 551348A2 3ACSCOCD B358154A 8073A5C9
dBm 336 55B7D877 617B1735 7477F151 DD9A3681 5DD258FC DD35915B
- 384 ADDS3F55 2A887793 AB11CSD6 889A835D 61597353 3ECA481A
ghag 432 AB6176DC 35163C27 S5C17F7AB 3155A0AA ODDD1D2A 7BDSSCC2
10 480 18B373DD 4AA0377C 1BDA2338 736A7913 18A0ACS1 38184546
dB ML 528 711502C8 2358AMA TOA1ACCO 7CFDD7AS BCD251C5 C453F883
Idiv ' 576 51230013 DA303593 DDD1E1C2 178DCF87 2D51584D AF3ADICE
' 624 77915571 03C25758 1033F31A 7DBD39AS 873B8C21 CC13F15B
] UL SO | 672 5A3AA908 OADSSSFT SBDSDCAS DGOADTAS 48ABSTSD AGC3OAMD
dBm | | | 720 D12D798D 8DBFASE7 7515EB7F 33ASDF17 E373ADE3 56750502
Center 18.75 MHz Span15MHz | 768 33F3AD51 RDBGCA18 DOD7ODIC 519AD673 3739534C AD78651F

Res BW 485.608 Hz

I

Measurement running

TimeLen 7.865104 mSec

(T W CAL: Needed




DVB S2 DOWLINK FRAME DETECTION Y L5
=91 i5ra

5300V52 Management Console V6.3.0.0
File Control Video Wizard Help

Interfaces IF Data Programs Contral
] IR,
| © ip Q
Caspd Content IF Remap Content P T Feboot

|Sele-:teu:| Cevice ISEDWSE - 1P 106112412 MAC: 00-06-76-05-06-bb

— Signal Strength
@ Staus @ Signal @ Data @CAtodls @NE | [ 18 dBm

— DWBS2 Signal Parameters

— Signal Cluality
Carrier Freq. 383 MHz [-5 kHz) Unconectables 3196 MI
Symbol B ate |?.EBEI Mzps LDFC BER 0. 000e+000
MODCOD |1 2 OPSK Carrier to Moize 354 dB
— Ethernet — DB
Total Ethernet Packets Sent 118 DB Packets &ccepted |53720
Tatal Ethernet Packets Feceived 92 MPE Packets Processed I
Ethernet Receive Emors o
Reset | Reset |




In-house developed IP CORE using MATLAB/SIMULINK

» ETSI based (DVB RCS) TURBO Encoder and Decoder .
» DVB S2 based LDPC %2 LDPC Encoder.

» Feed —forward based Burst demodulator.

» DVB-S2 based Frame Formatter.

» DVB S2 based physical layer Scrambler.

» 2x clock based RRC filter

» All DVB S2 based Modulation Scheme.

» Turbo coded 4/5 QPSK burst modulator.

Sy
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