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AWGN Additive White Gaussian Noise MUX Multiplex / multiplexer
BER Bit-Error Rate OFDM Orthogonal Frequency Division Multiplex
COST European Cooperation in the field Of Scientific PDA  Personal Digital Assistant
and Technical research QAM  Quadrature Amplitude Modulation
DvB Digital Video Broadcasting QEF Quasi-Error-Free
DVB-H DVB - Handheld RS Reed-Solomon (code)
DVB-T DVB - Terrestrial SFN Single-Frequency Network
ETSI European Telecommunication Standards Sl Service Information
Institute si Signal-to-Interferene ratio
FEC Forward Error Correction S/IN Signal-to-Noise ratio
EET Fast Fourier Transform TPS Transmission-Parameter Signalling
GSM  Global System for Mobile communications TU Typical Urban channel profile
IP Internet Protocol UHF Ultra High Frequency
MPE Multi-Protocol Encapsulation VHF Very High Frequency
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Table 1

Parameters of the various possible DVB-H OFDM transmission modes

Mode
OFDM parameter 2K 4K 8K
Overall carriers (= FFT size) 2048 4096 8192
Modulated carriers 1705 3409 6817
Useful carriers 1512 3024 6048
OFDM symbol duration (us) 224 448 896
Guard interval duration (us) 7,14,28,56 14,28,56,112 | 28,56,112,224
Carrier spacing (kHz) 4.464 2232 1.116
Maximum distance of transmitters (km) 17 33 67
8K
OFDM symbol
4K 4K
OFDM symbol OFDM symbol
2K 2K 2K 2K
OFDM symbol||OFDM symbol{|OFDM symbol||OFDM symbol

memory of the 8K symbol interleaver

Figure 4

In-depth symbol interleaving of OFDM symbols

4K 92K (¢! »» In-Depth (g ;L Interleaver (D

Interleave O 3 45 Native Interleaver %5, (sbrsdk 52k slade 1,0 lad o 5 2o Symbol Interleaver 3l oslitul Jyd= g S

9L Ll CEM)> 5 5 41, s oy aS'in-Depth Interleaver fb ol ) S g r\;ul OFDM Symbol G )3 s &

©2011 M.Mostafaie




Page 1 2

N

Digital Video
Brodcasting

J{B 8K Jo 3 45 Jl5e 4 Impulse noise JJL;.A 53y R S slie L;}iﬁ b oosiy ¢ oslizul WS SWOFDM Symbol dnterleave

2505 (ol 8 Lol se 8L 555 s 3 4| e Al 03 e Sl J e
DVBHa b 5w TPS 3 5Ll KUK (E

%W}DVB—HLSLA w}ﬁéijd‘5‘}:&u‘%&u(TPS)aMﬁduﬂ\)g@h@MoM@L&‘&LfJJ

AL ol s e LS T e o (20l 53l 55 50 (6 s MPEFEC 31 ez o3lital o S yunns

S48 S49 DVB-H signaling

0 X Time Slicing not used

1 X Time Slicingused=DVB-H ”
X 0 MPE-FEC notused

x 1 MPE-FEC used ”

(A Cell -y e &l CellID ) 3 ()L o5 laiul(F

(Non-Broadcasting Bands) Broadcast -Labxﬁ Ll s eslaal ‘5|J.3 JS,hKAS sk Jus(G

DVB-T/H transmitter

MUX
MPEG-TS “HP" o| adaptation Outer Inner
Energy [ -Outer Coder = Interleaver B Coder Ba
From Dispersal
DVB-H Inner
Transport: B e e el re e e e e al earae mmawml| e e Interleaver
Multiplexer : MUX ' : ': : -: : -‘|
MPEG-TS P _ .V adaptation ! 1t L5 Outer o] Inner -
s Energy r ’: Outer: Coder :- '.: Interleaver r -’: Coder r >
1 Dispersal ‘l 1 ‘l 1 : 1 ‘l
To
Aerial
F Guard Front
Mapper | Lae OFDM Interval > D/A >
Adaptation 3 End
Insertion

Pilots
&

TPS
signals

DVB-H Terrestrial Channel Adapter

©2011 M.Mostafaie




Page 1 3

N

Digital Video
Brodcasting

i TimeSlicing ®

LUDVBT b (5585 sl g G 51 el OF (sl €l (5 5L o S sdome DVB-H (555 iy ol OS2 51 (SO
L sl 5 0« S se05 OsVssec (35135 5, DVB-H (sls €LL SsDVBT esls 0L o oo Sledlbl sl on
515 QLS DVB-H asws 55 Lilsl 5o Slidos . kK sbowl s 9 5 8¥o 0 A 531, 6ob) Ol Wl cpl a8 5 .5 &) 50
Jlo Bosls 0Lz 1y gz s BB 2alS b w35 Oles 55 Sly S 5l 2w DVBT sk i IS 53 G b pas oS
e 100 ;STa 4 ey Gl Jg Ao Sl (s 5ol eSS J e g3 Ay Oy e 600 5 4 45 2006
Gl e ol ol 55 &S el sl o i DVBH (la €LL 55 ol slbilwS (gl IS (gl dlial K Olse 4 il

S el ) Sleds a5l L3 La o3l 0L > DVBT s Cumdly 5 oS el (5l (6 5L sla Jle 5 (6l 5 a8 B ins dais
DVB- Loy <5 (POWER SAVE) D15 55y 460 A3 o e 15 U 25y 535 LS 3o, 51 0l (i3 b
03 g S esls e 0L a8 ola s 5l aas Qfﬁéy\)séwl sl 4 S Coadly cpl 5l ol el &SILIH
lie aly 5 osls 0L sk ol 6l b=l Lssd oo ol 1) W8 o 513 (55ls 5 5550 edd bl bl Jl-
g S aS s esls 5 siis sl palls Sl gls (sl el 5ldd 5> Sleds W fDVBH L 558 o alilesle
WJJ)‘ZJJL»J\ Ol ;> addy g0 45 (gl o3 03,05 (gla BURST L 5 oS ol Jlazil (UL,\.a BRIV e S P

.>}~Zdaa;|>'cjiui.l|)é|¢&l{mﬁ}wojyQAlele};ﬁ&J@nleﬁd)S@QbJ}'

- a4y 355 o e Lol BURST Lossd o Oloses aubl 3,5 S3bys bl sl Oley 53 Ol o 1) JUSm ¢l
Oley S w0 3505 Koo LW BURST (pw Ol 55 o 83 At JUinl J= 53 Sleds [ Sos a8 Sl 0bey Jb 53 (6550 6,53
oo ol 4 DVBHLw 5 S 4 oS Cosl (6551 s 0500 G Sl Jseme Sleds Sl s (6l 5L 5, e
FA Lol JE F G s bl s e (oS Clys) s sewy 3405 45 sls BURST . ay S &TIME SLICING (SiSG)
DS ol s Lsd o Gl s s S L a5 sl e Sk 53 Wipd kil LI g e s 3L s Dleds JU
Lgla:b)‘.,\.iam.b—JJSGJJbCJLl)boKL.:JQ.LZQ..ij)QLAJ'Q\TJJJu.\ib.db)\dbjbd‘o:\:ﬁ\dw\ybw\4.3
S sl o3l a4 BURST S Sie b b 5,05 1 sy 03,5 Jlad (25 b oS oS o JLIBURST Ol g« Lo oS
Sy lesls &S I 5 aS agd o Lol Cel ol ;,ﬁf.,;luﬂ,g;m&swouj&ylbsup

93 u:;;ﬁ.lbuwub)w]:o.)u}} JL~:.<...~: aBURST gL:;z.;}A bj.lv o):;-b djf‘j.bk.s ui:).db- BED) Ju.J:L TRIRY

©2011 M.Mostafaie




Page 1 4‘

N

Digital Video
Brodcasting

oy Oloj e sl S 53 25,8 0l 3 @UJL:AVL;,\;%@))JBURST&QMJ c),ué\j);. LiL o 2l BURST

CAl Sl pde sy Cl S (655

DVB-H service 8 burst size 2 Mbit

A

DVB-H service 1

3.2
Mbit/s
TV program 3
3.3
TV program 2 Mbit/s
Data rate in
the DVB-T/H
channel
TV program 1
time
1 second
Figure 1

The time slicing principle: example of a service multiplex in a com-
mon DVB-T/H channel, including time-sliced DVB-H services
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Solution: DVB-H System "
(When Sharing the Multiplex with MPEG-2)
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dolution DVb-H (receiver part)

Power Consumption & Hand Over

-Turn off the radio when you don't use it!

-Data is organised to 1-2 Mbit bursts.

-This is called Time Slicing.

-Up to 90% power saving with video streaming.
-2 Mbit buffer for constant output.

-Handover possible during off time.

DVB-T RF-signal

Input

Power Control /
v

DVB-T Demodulator | g

ETS 300 744 Time Slicing DVB-H
"I 82K 4K, TPS| NN ] IP-Datagrams Terminal

MPE-FEC >
TS-packets
\Y (S1/PS1)

DVB-H /Dénodulator 9

good mol

-New TPS bits to sign.
-Cell id is mandatory.

v

N X Desicn FlexiDik i Signalli
-With 4k gractical SFN is still possible with very
ile performance.

-Flexible use of interleavers [ 8k in 4k or 2k ].

al Time SI. and MPE-FEC.

-Very low additional complexity.

Mobile Performance

-New error correction (RS) for the MPE-sections.
-Virtual interleaver re-using Time Slice buffer.
-Doppler and CN-improved in mobile&portable.
-Impulse interference tolerance improved.
-Possibility to vary the level of robustness.

DVBT o 5 e 33, Jald oS JleaS Sl 3 A3l azils a5 A4S o JKETHIP (glgw (5 v g5 Handheld (slgn 15,8

j\ LSJ\.\;J. S 4 M\_,ﬁu' salae! J.:LE DVB-T Lgl.a)_xw») b Lg)\fj'l.w Cg- 4 4K 5 In-Depth Interleavers Lo .L..I:L & DVB-H ,
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Frequency Domain Parameters for DVB-H OFDM
Signal (8 MHZ Channel)

Numberofactive carriers K 1705 3409 6817

Number of datacarriers 1512 3024 6048
Elementaryperiod T 7/64 us  7/64 us  7/64 ps
Useful symbolpart T . 224us 448 s 896 us

Carrierspacing 1/T 4464 Hz 2232Hz 1116Hz
Spacing between carriers
K  andK =(k-1)/T,

NOTE: Values in italics are approximate values.

VJgu>

7.61MHz 7.61MHz 7.61 MHz

L;;lggul;cuym\ﬁ;ﬂw.wlam;@ﬁ"FFT);«S ol (g0 31 aS Jlad (gla 3 S sldas aS WAL ails 4 o5
o SI(GD) Laslos L 05y 5 L1, Olej o) 5> 53 OFDM Symbol J b 2 J s . il o DVBT asline il 1L sl s s, S 5
L5503 34y W st 3 0 33-35Km Jsles (gl ahools U SEN a8 slo| OSGal 4K o 3 Ladlows L o 5 SV sbo 51 eslinad b .S
LT e ey i o BB 3 s oSl e iz gl L b3 55 Jpd BB B iSTas asles L dols ST

AL (G Lol L Jsb 5l 208 sl g0 S0 sk

Time Domain Parameters for DVB-H OFDM Signal (8 MHz Channel)

Parameter 2K mode 4K mode 8K mode
Useful symbol part TU 2,048T 4,096T 8.192T
224 s 448 s 896 s
Guard interval part 1/4 1/8 116  1/32 1/4 1/8 /16  1/32 1/4 1/8 1/16  1/32
A/Tu
Guardintervalduration 512T  256T 128T 64T 1,024T S512T 256T 128T 2,048T 1,024T 512T 256T
Tg S6us  28ps  l4ps  Tps 112ps S6pus  28us  l4ps  224ps  112ps S6ps  28us

Total symbol duration 2,560T 2,304T 2,176T 2,112T 5120T 4,608T 4,352T 4224T 10,240T 9,216T 8704T 8448T
Ts=A+Tu 280us  252pus  238us  231ps  560pus  S504us  476us  462us 1,120ps 1.008ps 952us  924us
VJgu

Asled o &SIl 4/ MPE-FEC3 5 Calises (gla oy 3US 5 0 5o Y 9o (6151 4w DVB-H 5 o5lana J‘b“‘“’Cf Ol 53 J gl
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Useful Net Bitrates (Mb/s) for Nonhierarchical System in S M Hz Channels

With MPE - FEC Code Rate3/4; Full MulaGplex Assurmed tobe DV EB-H

Modulation Code Rate Guardinterval

1/4 i/8 i/16 1/32

1/2 3.74 4.15 4.39 4.52

2/3 4.98 S5.53 5.86 6.03

OPSK 3/% 5.6 6.22 6.59 6.79
S/6 6.22 6.92 T 7.54

7/8 6.53 726 7.69 7.92

1/2 7.46 8.3 8.78 ©.05
2/3 .95 11.06 TE-F1 12.07
16- QAN 34 11.2 12.44 g S35 BT 13.58
S/6 12.44 13.82 14.64 15.08
7/8 13.07 14.51 TS5 37 15.83
1/2 3 i L5 12.449 13.17 13.58

2/3 14.93 16.59 17.57 18.1
64-QANI 3/4 16.79 18.66 19.76 20.36
S/6 18.66 20.74 21.95 22.62
7/8 19.6 ¥ T 23.06 23.75
Y Jou=>

Ji:.) LSLQ Q.AJB4/3JJ0_9>’\-° ¢(k;~w‘ 6)[:\.:}‘ &{‘JSC)J gf»‘)‘ o.)u.lw‘ A.L\.:a)u‘gk.;ﬁ 45))&[—0.&)4MPE—FEC)‘ 0.}@‘ Q)j..o).:
)‘éﬁa)u‘dsjj.}mwQm‘&JJJJGé}ﬂJ}J})A)f C)_}Lﬂﬁudﬁjﬁw@fcfch&%ﬁJdGﬁdT

:dade LA |y Power Saving g Burst Bitrate o abayl RSl g A3l o oJJﬁf e LA DVBH Olos gnt

power saving

00k Constant Bitrate 100kbps

Constant Bitrate 350kbps

¥ i
- & e Constant Bitrate 1 Mbps
I o

60 —
40 —
20 —
] Burst Bitrate
T T T T T T T T T T T T T T —>
2 4 6 8 10 12 14

Figure 5.8: Relation between burst bitrate and power saving
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Bd Burst Duration (seconds)
Bs Burst Size (bits)
Bb Burst Bitrate (bits per second)
Cb Constant Bitrate (bits per second)
Ot Off-time (seconds)
St Synchronization Time (seconds)
Ps Power Saving (per cent)
Dj Delta-t Jitter (seconds)
Bd Bs
~ Bd *0.96
Ot=—25 _ _pg
~ Cb*0.96
Bd+St+(3.4+Dj) )*Cb*0.96
Ps=(1- ( ( ) )*100%

Bs

Figure 5.7: Formulas to calculate the length of a burst, off time

And the achieved saving on power consumption
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Portable indoor 3L ;3 : B IS-2
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Antenna Gain -12dB -7dB
f o )MJ 9&.\.’?
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95 53 b gl (dBUv/m ) 3Ls,se Olds s < 800MHz S 3 u wlie 1S 53 55 50 5dB G| Ll L (4dB A~

el 3 dayl 23 51 S1>-16QAM-1/2 ((4.66-7.46Mbsit/s ;Lix] e 55 5 S de SIS 5 95 13B,D W5ISe 5

DVB-H 500MHz 800MHz

ClassB 82 81

ClassD 79 78
Boyleids Jguz

Pl o L3 5 4:800MHz 5500MHz 315 53 53 53 (DVB-T) Fix b3 (5o 1S o1 (o8 Sl Il

500MHz 800MHz
Antenna Gain 10dB 12dB
5o Lot Jgu>

©2011 M.Mostafaie




Pagez 1

N

Digital Video
Brodcasting

d‘}«ﬁ.ﬂ . .L.Zb = SOOMHZwJLSJ.éﬂ J,.:..v4dB S gl 800MHz u,.,.'lSJ.a BE )'L:S.))ja Q\J\:.a A “L\_.‘)Ll).) 9 )LIM"_»‘ QUGJ-m Ll L
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SH Digital Video Broadcasting @

Satellite services to Handhelds
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