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stel IR AT F A%S FRFo ! %

o] &3} oW kIe FaloE Ho] E%} Z) A"k, Raptor codea: O]%‘S}‘S k

938 RS- (Reed Solomon code)S

U °}°4°l: Sl Hge gHgo] woldth RS ¥EE ©]8% wd: FAHE AR 58 FAR
shelste] k/l7F A1 timeoutS ¥}, Raptor code® ©]-83H= 7ol Raptor decodings SAlel F=33}
o taig ol %EE]‘E timeoutS 3h= WAlS o] & Ul F&H ol
2) Al ACK (ACK spoofing)ell 23t A% &4 wh4
719 TCPAA = 58 Aol (flow control)E 9a] = 69 (b)$} Zo] AEAZ(slow start) HAS o] &3},
5, 24 HESS S57ke Bolth. Eg 5F Aojet 3 Ao (congestion)E 3 &4o] HASH ui=
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[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

HIESS A7 "dojma|ar tA] AHAIzS g, o] 22 Aol wkasw (b)ek 22 Jeje] HESo] Hof 7}
S HEES FE3] AHSE o g Ho dF Ade] 2P, 53], FAFTANA = Aol Aol <
S HEd g Ei= FE(collision)ol 93] #jZle] E&AHER o]& Qlste] FRSA HIEEO] LeprhA] &L A
ol M A& Az Al Ho] " dE A Aol AsAl g, webA, & oM = A sHolg ol
seoll o8 #Flo] EHHE Fgel= Avz Bt ARl AKE AEFomA AL 2] s R0 9
oM Adwe AR FA WS o] gshd AR FAlstlE HuR AR AKS ol&ste] HE & FEd] &
St dats AUES kst S 5 o

B ulio ﬂi%HﬂP7WPﬁﬂﬂﬂﬁ<£Eﬂ%ﬂﬂ554ﬂ%GMUMdﬂw)Qihiﬁﬁ»ﬂﬁ(kmmg
] ]

E 72 58 AT wHet 7] Ade EAIRE Aot

T 79 A vkel Ze wud ojg 7] AdS YAHEP (de-jittering) @ TJNE Y (de-interleaving)
< 1#ste] A44€ct. VOD (Video-On-Demand)®] 7% 4o 2 5-10% Ayt Hu s A o|Fo&= A4
Wy AE] (steady buffer state)”} fXEo], B o] QAEHHE glo] AAET} (interrupt-free playback).
OAEE Ade o o & 29 AFEe Wstel Zrl=rt 9 F3te HESS 7M¥Add oA A4 ).

W A e el g% AAL Tekn s, vho] AEYY AN AEES Redty & 9, 7]

MY FE B = Ruc Tk & 5 otk F, 5204 W0l By, = RucT@E dolel7h 4359, Seelle

oA Eellol7k Ade = ek, ATdY Ade 29 & AW MY Ade g WHez 29 5 vk
SRR

AR, RS 014 HAE A& = 5 Avk. GA] Fel wioe] A% vy dy S3AE
5L

A £4S FE Y AD g2 PEe B Aol

>

AF Fol, AFVEs AmYatol, ML 2ELS A NES ru(R NEAF 2EJDR 1FAS
B, EZINNE by = Dol EEE WS RAST AFTOE wHY A9

ROl B2 o] o MuY Aelo] e /102 Za@rh Bustx MuYo] ool

A AgAe FA WL AT oldd WEe AF s 2L Qdumel Y el Hg 7}

AR EOERE DI g R D

S5, 44 93 AE (steady buffer state)o] Ewalx] dydels, Zeo] & 4 9= Awy =2ay nupz

Zojolg ARPTY 27] sRle] mi B AHE 2 4 ok

N

HE 101,

£ ot AEd mae Jw msY A 4a wpe] g =Ae gl

% 99} o], AE# (Intra) Z# o] shtete =2shw }E~’w]§_q@dq %718 Wo] = wrpA el A
e 2d g sdn aBER E AWM Ajtes e ArVE 715E vide] 7leAk skl HITP 5
AES ©f

- = A
€& A5, 27 WY AdS A ¢ 0o
2

2 oA Ajtsls F 7FA] WHE Ae ZRIEE AFste 99 AdS wASNS o, BF A8
QJrf. o] S AMEslH dHAl 5~10% AFECl %7] A (initial delay) % A9 WA XA (zapping dela
V)E ¢ 200ms o= =4 5 Aok

T @A MPEG-DASH % 3GPPollAl 3%F3l <l HITP ~Eg W] &84 4= glrh. MPEG-DASH 2
3GPPol A& HTTP 2EZ|WS 98] Media Presentation Description (MPD) wtjo] 7]&xE AHolsta U
AE (Streaming client)= wt]o] #elxo] sk MPDE E3f s} o] Period,
Representation 28]l Segment?] #AIE = 103} o] 19~ (index) & 5 AT},
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

S=50l 10-1735435

B ownde] A4 ool ASkalE F7EA91 mEjo] 7%l WD SegmentInfool a17] <¥ 17 2-& 8o 7}

type A Chi segm;ﬁtol =313 raagei"(
' Eqoe P HE Dyte-
Must ba | ranged it EHY & T2
present | #tCE Segment index bowg|
if lhe AL, sidi(s), prionty?! 3
"range” | % OL..M, sub-time2l o
attribute | ¢ time2 2 ZIRBoh,
is Priority®l Mg O FHE
present | w8 SMef2 TEp GE
segment @ HLE ol gal-
range® TENE W, 4
_ i V2 TETCE
duration A oM 2t rangett 4@t duratian
& Fopch B segment
Must be | F &L} O|&5] rangesE 7
present | @obE AR, 2AZE TR T
if the | Sch,
“type”
attributs
ts "time"

olE B ¥ o] AA] oo o5, offollA A<= 7t user—caseo] WS &I F=ho] shEsit).

(Case 1) "Peter watched a football game of his favorite team. The goal in the 64th minute made him so
excited that he wants to watch it over and over again. He finds a recording of the game on the
homepage of his local TV station and requests the segment containing the goal"

Adutd o7 wto] T8 A< (Media Presentation Description)} /‘ﬂlfﬂE Aol Abxb(sidx box)ol Y& el
ARE Y DASH SFHo|AEE 64 Ho dxsl= ATHE W] A4 4] Fragment(s)E #olsle= A
o] 7VsakA gl A7) Fragment(s) 33 o AAS A|F3t= HITP HE Q& AHgete] A3 a4

weie] AA] dlo] olahwl, eh719] F AbA grel] olgk Babol sbsh.

WA FA WDl A Peter7} A AHS A3t= 64th minuted Movie Fragment(s)ol] HAsl7] A= oldiel &

MPD2] SegmentInfoZ £3] Ust= Movie Fragment(s)ol] 7F4 283 AIHEE QlulA~&ta, oluf A1THE )
oA A5t= A7+l Movie Fragment(s)E 9 238}7] 9138 sidx(s)e] AES 33T},

A7 sidx(s)e] AES 2T Ao Single sidx® TAY MIWEA AS, sidxk Z7] AR (size
information) §lo] 13]¢] HTTP Partial requestE $33Ft}. 13 A] &3l Multiple sidxs® T4 E AIHECS]
-9l sidx 7] AKX (size information) §lo] 23] o]’e] HTTIP Partial requestZE 433},

I % ge-229 sidx(s)E 53] Y3t Movie Fragment(s)ES Q3 3HA ).

thgoz B umo|a A<¢ksli= MPD extension(range with type="sidx(s)")& o]&3l= o= ool e
o] g s,

MPD9] SegmentInfoZ %3] U3l= Movie Fragment(s)ol] 74 <843 segmentES Q9 Asla, oluf A|ZHE U
oA A5t= A7+ Movie Fragment(s)E 19 238}7] 9138 sidx(s)e] AES 33T},

A7) sidx(s)e] AES 23 Ao Single sidx® TAY MIWEA A, sidxk Z7] AR (size
information)9} $H7 13]2] HTTP Partial requestE F=33r}. 12X &3l Multiple sidxsZ TAH AlIHE
ol A9-o= sidx 7] HE (size information)®} A 131 HTTP Partial requestZ 53 3dtr}.

o

T ge-2rd sidx(s)E Fdl Y3k= Movie Fragment(s)E 2334 ®ut.
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[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

S50l 10-1735435

Al upel 7ol B owkwlo] A oA AQkElE MPD extensiong ©]&3= A$, AR AdFE Movie
Fragment(s)E 2437 18] L3 server—client 7+2] interactions #HAAZA $ o™, sidx(s)e Z7]
X (size information)”} EA|stE2 A &gk F7]9] HITP Partial request”} 7}&3ttt.

(Case 2) "Paul can't go to a concert of his favorite band, but finds out, that there will be a live
stream of it on the bands homepage. He starts watching, but later on a friend of him comes by and
wants to see it too. Paul stops the stream and they watch it from beginning to end."

Adutx o7 glolr AE-S 3k ut)jo] £33 A% (Media Presentation Description): H|tjo]E E 33l A
IHES] #A4E ﬂ%@ﬂ.@ﬂ AIAEE 53 URLA fasH ”4 A Htle] 28 A% (Media
Presentation Description)®] timeShiftBufferDepth #of= @ A|IWHEY F& (O] AS-o= &g st

Al ol A& BY A=-E yEldt. F9] DASH Z8te]AdEE Presentation?] AlZtel] &3l AIHEES <
Av GA &8 4 9lar, 2= Qlete] Presentation & A&4-E AT F 9l

shAak Eodbmo] AA] oo ostH, MPDY SegmentInfoE E3] HUstE= Movie Fragment(s)el 7F% =43

segment S ¢lelA3lar, ol AIZHE YolA A= A7) Movie Fragment(s)ZE Qe 237 98] sidx(s)9
AES a4,

A7 sidx(s)e] AES 2T Ao Single sidx® TAY AZWHES A$, sidk 7] AHE (size
information) $1°] 13]¢] HITP Partial request® St 28X &3 Multiple sidxs® TAE AIHECS]
9o+ sidx 7] AE (size information) §lo] 23] o]A+e] HTTP Partial requestZ $3§3ic}.

I % ge-229 sidx(s)E 53] Y3l Movie Fragment(s)E Q3 3HA ).

(Case 3) "Mary wants to watch a stream of a TV series, but wants to skip the opening credits. She
requests the stream starting from minute 3."

>

o o o

durzE o2 mt]o] ¥ A% (Media Presentation Description)®} A|ZHE Mol Abxlo] 9l A
2]9] DASH Zglo]dEE 3 B ALste AaHE Wolax AZHES Movie Fragment(s)E <13
stk ol A7) Fragment(s)E 3 ol A ZEHE AAS AFsE HITP 8 Q72 AREslo] Z

SR B gl A el Slshm, shle] F b ekl S@ Bao] shssi,

WA A WDl A Mary7F A 3ES dslE 389 Movie Fragment(s)oll Hsl7] ¢siAE ool 2 740 I
Q

MPD9] SegmentInfoE %3l Y3} Movie Fragment(s)ol 7}3 <43 segmentS <1l A3}, oju] A1HE U
oA A5t= A7+l Movie Fragment(s)E 19 238}7] 9138 sidx(s)e] AES 3o},

A7) sidx(s)e] AES 23 Ao Single sidx® TAY MIWEA AS, sidxk Z7] AR (size
information) §lo] 13]¢] HTTP Partial requestE $33rt}. 13 A] @3l Multiple sidxs® T4 E AIHECS]
9o+ sidx 7] AE (size information) §lo] 23] o]A+e] HTTP Partial requestZ $3§3ic}.

O % ge-2r9 sidx(s)E E8] 93 Movie Fragment(s)S 23 sA ).

thgo® B ulmo|a Aetsl= MPD extension(range with type="sidx(s)"S o]&3d}l= o= ol#et e
o] g s,

MPD9] SegmentInfoE %3l ¥3}+= Movie Fragment(s)oll 7}3 A3 segmentS <1l 23}, oju] A1HE U

oA Ast= A1+ Movie Fragment(s)E 19 23817] 9138 sidx(s)e] A 33T},

A7 sidx(s)e] AES 24 Ao Single sidx® TAY AIZHESA A$, sidk 7] AHE (size
information)®} &7 13]9] HTTP Partial requestE F33t}. T8 X @3 Multiple sidxs®2 TFAE AIHE
ol A9-ol= sidx A7] AKX (size information)<} Al 13]2] HTTP Partial requestE S=3J3tc}.

I % ge-2E3F sidk(s)E 53] 93F= Movie Fragment(s)S 24 3HA A},

r°1'

vie}l o] B dbmo]l AA] oA AerslE MPD extensions o83 ALg-217E A= Movie

)
Ao
Fragment(s)% 833l7] el L3 server—client 7Fe] interactions #HAAZA F dow, sidx(s)e =7]
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[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

SS90l 10-1735435

AR (size information)”} EAst22 A&t = 7]9] HTTP Partial request”} 7}s3}c).

(Case 4) "Peter requests a new movie that was published recently and is not stored in the selected
server, the movie file is distributed to the server efficiently to serve for the request.”

Ao oA Au Ei= (DNsE 704 (caching)dh= HITPO] Extell thdh %FE mz=o i3}, 27l A
A= g vEg A A (N 2= Wy daelgel F-3 EAEH o8] Agert. ¥ 9| DASH

Ex FHlo] AZWEES 93 HITP 23S A&t} o523 1 $ol 3#5 HITP cache HAE Hhal 94-

oA AIUES Q8= HITP cachedlA] EAeHA ¢=th. A5 7+ AIWMEZL fHE38H7] 9l8
LAE AW mdiid,

ol Hkalo] B dlmo = 2 8]X|d AB (Origin server)olA & AR&x}e] @A o3t w2 4
sk, AlgAte] 2= 834 F T8E7F =AU(e.g. type="0", AMEAZEE] 94 W7}
(e.g. type="sidx(s)ol] tis}e] HTTP 70/ AW (caching server) i (DNsS A gl oz 83 -
UEYA HYF (bandwidth) e A% 7k SHAA 28485 =49 & AT

2
o
o,

F

m

f
Oﬁnﬁi
o>

S VO (i

rlr E

(Case 5) "Frank is watching a stream with a mobile device. In the beginning, he is moving a lot
causing high network throughput fluctuations. As he finds a cafe, he sits down, enjoys some coffee and
watches the rest of the stream in relatively stable network conditions using the cafe,s WLAN."

dvtdow  HEEE WA representation (HIEE)OA  AEHAHQ  2EZHe] FHIAY uEA
representation®l 4] ~Eg|Wo] F8E ], Franke] DASH So]AEo| <olsle] g dloly HolES} #9%
= AAE AAEEE gt o] AlfeAM = mt]e] ¥d A% (Media Presentation Description)el i A<l
X*P%_L 2935 93 alternative representation®] H W3 A ITHEZ 0137 93] o] gt Ar
HE9 MIHE Al ulxi= &iaj] representation?] 7} FHol Q7 dHeolH FTH HAF A
presentation time) BT} =X & iy AAx FAEQ A oA A9 IAEZS olslr] s ALgH
t}. DASH Z}o]AdEx= A E$ representationol A HlolE S e As AlAekaL,
Htjol & wEE FUflE playouts 93 #ivo] &4 ]°1°ﬂ7ﬂ Ei=

:L

N
—~
o
5
[aN

N
ol
= r
fo m

2§ ¥ representation?]

Frank”} WLAN 9ol Eol2 d], DASH S&fe]AE+= %4 representation?] 2EZWS X|Ysl7] Hslo] A=
7b Twe] wE =&eta e Zi% AZEst), ol 7] =93 A= Wb E A, 1% representationd}

8k Al43le] presentationdhr}.

UE A throughput fluctuationo] A3t Zn}d 3o A seamlessdt AU ~E AF37] $184+= throughput
Hale] wE representation switchingo] WEA o]Fojxjol ity FEto|dEE MPDE  FI  AA
throughput ©| &3t representation®} switching-timeo] A3t segmentE AAT & Jrd. e &9
segment o] EA3l= 43 Random Access PointE 27] HalXE sidx(s)E 25 wolof s},

weba] B o]l AAl oo = segment W sidx(s)e] ®iA o] we} 13] o]4ke] HITP H&7% &7 (Partial
request )’} & 23}c}.

3 MPD extensions &-&3F= Z$-ol 2o)A, MPD SegmentInfool "sidx(s)" type] @l¢IAE &g 79 1
3o HITP H-i4 875 T3l AIWES BE sidx(s)E th22S 4 ).

YAl @8 (Temporal level) Hi= Z@|9d ERQ] (Frame type)oll W} range(s), type 712]il duration(s)& 4
o3 A4, M =L MY (e.g. type="0" ; I frame)Z zrE range(s)$ 2 #7F (duration(s))S E3l
sidx(s) §lo] =91+ o] 7bssitt.

Throughput fluctuation®] AlgF EuH}A UYESLZ 7oA throughput W3}l W24 representation
switchinge 3}7] 9184 server—client {te] QJNEPAE ZFo]= 3 bandwidth &2l sidx(s) request
7} dastrt. ol#fgk Sl MPD extensions o8& A5, sidx(s) ThRE2EE 9% interactions Eo]AY
e 839 % A% (duratiom)ES  F3 F7HA<Sl JIH®A (interaction) glo] MPDYHE  Fgh

representation switching®| 7}s3] Zt}.

(Case 6) "Tom has a DASH-ready mobile phone and wants to watch movie content that is available at 3
bit rates. While watching, Tom boards a crowded tram and available bandwidth of the tram goes below
those bit rates. Tom can continue to watch the movie."
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[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

S=S0l 10-1735435

ANk o7 oW user-case WollA el FE AMEA AR Pt vt FET Y Fo] JPE v a5
HIE o]E9] ofge]l o} dupwl, F2 thekd WO R playoutol M Agle] A Sl L) dolER 3749
HIE #o]E9] 7bF vte HE #olEd o3 movied R & AEKH F 9

e %9 representation®.tF F&o]AE ] throughput ]
= 3l Ag, Feo]dEE Buffer-underflow® <lal A8
) ARG tgRE whe o AIUE oA 5353
24 QA (Partial request)d o 24 Buffer-underflow®

of whkalo 1 whe] AA| de wEH, 7 2
2 UES A #AA, AI~WE ©el9] HITP 87
IA F=X5tn WHYS FPstcl, 18T sidx(s
t]zYo] 7}53 movie fragment(s)¥+S HITP ¥
3l pause THAl low frame rate® A A3},

st B ool thE A4 04101] 2} MPD extensions ©]§3t= A9, oA AHE HA oo} FUIA
sidx(s) BHEE o]&sto] ATHUE oA 5yAQl t]ido] 753 movie fragment(s)wHS HITP +-
(Partial request)dlaL, o] A A3},

f
=
o
oQ

MPD SegmentInfoell hierarchical prediction structure®] UA] @ (temporal level)o] up& A= .g.
type="0,1,..., N2} @ elA](range) 7} EAEHE A5, e A4 #9271 =& @R (range) WS HITP H-&
2 2% (Partial request)d}il, o]E A3},

Z12]al MPD extensionolA @ 91A](range)®t "sidx(s)" type= AFE3HH, sidx(s)E EF FASEd as

server—client 7+ interactions &% 4 U},
2 argola At vt §- -r] AR 9 ~Edo] He ARE "o 3 Xl J|EHoZHN o
I} ol &dgE 4 o) OE]EﬂE A #F3 3¢ MPEG-Dynamic Adaptive Streaming over HTTP (DASH) 2

3GPP Adaptive HTTP Streaming (AHS)A A= 7+ wit)e] ~EZ-S A G2 & (movie fragment; moof)d}
3, 3t o) moofE AIZHAR] Al wmEk 1E3E (segment)dte] &gty ©d moofi= Tho] wTlof
sample (e.g. HIT]Q ¥ J T= MPEG/AVC NAL unit)9] 1% (e.g. Group of Picture; GOP)o= A= 4 3
o, age=z gy segment Woll =43} moofel] el ldlx ARE AF37] $3Fe], DASHOlA = segment
index box(sidx)E &3t A, = 102 E Hhgo] AA] oo whE MPEG % 3GPP HITP 2~E@|We] w9
Az 29 A 041% TAIRE Zlolal, = 11 o] AAldel] mE segment TEE =4 FEte] ek A
ojt}.

= 1194 SeF f1,f2,..., 6= ZZF sidx® moof(fragment)ES oJu|3tct. A7) sidxoll A= ZF moof boxd] I
W 915 ArE Yepdo=zx "o ugl 54 moof WYl Hto] 7Fsdtes: 3t} 317] <E 2>9A & sidx
box2] syntax®] o o= MPEG-DASH % 3GPP AHS®] sidx syntaxZ Lep9iTh.
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[0113]

[0114]

[0115]
[0116]
[0117]

[0118]

S=50ol 10-1735435

* 2
aligned(8) class SegmentIndexBox extends FullBox('sidx',

unsigned int(32) reference_track_ID;

unsigned int(16) track_count;

unsigned int(16) reference_count;

for (i=1; i<= track_count; i++)

{
unsigned int(32) track_ID;
if (version==0)
{

unsigned int(32) decoding_time;
} else
unsigned int(64) decoding_time;

}

}

for(i=1; i <= reference_count; i++)

{
bit (1) reference_type;
unsigned int(32) reference_offset;
bit(1) contains_RAP;
unsigned int(31) RAP_delta_time;

}

}

version, 0) {

%3 samples & ¥5 A5l A< 7hsstEsE Adehe dx
tEe] &8 o olE A8k A% WS A

1. A1 o (sidx_extension)

3}7] <F 3> sidx extensiong F3 WS Awnr] 9l Aot

syntax®] & o Ho]a 9t}

_15_

, ZF moof= temporal levelo] A= ©t& Z#U(e.g. I,

55 x ool AREREe] 9o o3 EY RE W WY AN~ Aol wAEA =W, 7t moof W
A ARl sample 1ETH(e.g sub-fragment)S(e.g. 1 ZHA 28) ABST}. o] A Lsl7] 95t moofel
JHol F717F H Qs

P, B =7

E 2= o]l
=

T R



[0119]

S=S0ol 10-1735435

¥ 3

aligned(8) class SegmentIndexBox extends FullBox('sidx', version, 0) {
unsigned int(32) reference_track_ID;
unsigned int(16) track_count;
unsigned int(16) reference_count;
for (i=1; i<= track_count; i++)

{
unsigned int(32) track_ID;
if (version==0)
{
unsigned int(32) decoding_time;
} else
unsigned int(64) decoding_time;
}
}
for(i=1; i <= reference_count; i++)
{
bit (1) reference_type;
unsigned int(31) reference_offset;
bit(1) contains_level; //indication flag for level,
added
unsigned int(31) subsegment_duration; //reduce one bit for
contains_level, modified
bit(1) contains_RAP;
unsigned int(31) RAP_delta_time;
if (contains_level) //added
{
unsigend int(8) assemble_type; //define assemble type, add
unsigned int(16) level_count; //number of level(e.g. temporal id),
added
for(i=1; i <= level_count; i++) //added
{
unsigned int(8) level; //level(e.g. temporal id level)
define, added
bit(1) reserved_bit; //reserved
unsigned int(31) level_offset; //offest, added
if(assemble_type == 0x01 || assemble_type == 0x03)
{
unsigned int(16) offset_count //define number

of samples in level, added
for(j=1; j <= offset_count; j++) //added
{

unsigned int(32) offset; //offset from
level _offset, added

unsigend int(32) size; //size of each
sample in level, added
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[0120]
[0121]
[0122]

[0123]

[0124]

[0125]
[0126]
[0127]
[0128]
[0129]
[0130]
[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

S=50ol 10-1735435

A7) <E 3ol Ao Wge oo ofnl= ot 2ol Fed S 9l
contains_level: sub-fragment ©$]9] S1¥|~ HRE ¥33t=x 1S ehgE S HE
assemble_type: Z} moofe] wltlo] W= o] wjx|upol o3k T}

317]19] <% 4> assemble_typed] AFE dE Holi Qit}.

¥ 4
assemble_type Definition
0x00 Sample group box(e.g. tele box)
0x01 Assembled by equal temporal_level(e.g. TIPPBB-:-)
0x02 Stereoscopic plain(e.g. LRLRLR::-)
0x03 Assembled by view(e.g. LLLRRR---)
0x04 SVC plain(e.g. BEBEBE---)
0x05 Assembled by equal scalability type(e.g. BBBEEE::-)
0x06 ~ Reserved

level_count: fragment W '8¢ F &

level: 7} #EE& A3t ¥ 2AdFH w2 FAEAE 9

level_offset: Ztzte] dleo] tigh 912 4

offset_count: 7} sample Tl AAl=7F Aot A9, o5 AY3s}7] 918 offset_count
offset: 7+ &9 1A AR

size: HMEH A7)

reserved_bit: &S 93k reserved_bit

X719} 2+ sidx_extensione Ea AFEAFE B4 @O sample ZEo] 2 Aol VAR oE E E
8l ®= Picture in Picture (PIP), UIE9A &7 w}E rate-adaptations Xt} @3Ho=z xds 4
o}.

29 oAM= L o] M (S, dH)E F38= moofoll A (e.g. SVC, Stereoscopic, MVC, etc)
2 X9 WE sub-fragmentd A HAHE AFsr] Y3 PHS HAT)

= 129] gt A= Stereoscopic G7de] F, §- el did sampleEo]l wzt WiXEH 2EH-S yEpdT, Sttt

M mek EAAQ ddx L A2 918 Aol wel AA P, ©]E vhAl Temporal levelol ket A4

g3 A3E el .

oje} o] dhuf o]l M-S Y]|&sly] AT V] <3 3>olA AUEE sidx_extensionS 3 ARl o

£ sub-fragmentE <J9d3 H, F7} &S 93t H
o

fragment2] e~ AHE A T3t

£

=

(m

(reserved_bit)E %3 temporal levelol W& sub-

2. AI2&4 o (Sample group index box extension)

sample group index box(sgix)¥ ZF moof WollA sample group(sub-fragment)el]l w3l Al A= AF-317] 93]
ZA3= boxE owgtt). b sidx_extension WHI 5U3FA 7+ sample group(sub-fragment)el] thale] AU
= 59 typed 7 2Fol 3 level ARE F713HT),

3t7] <¥ 5> Sample group index box®l] 4 ¢ ARE F7}3F syntax?] ¥ oS Hola ¢},

_17_
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R )
[0139] aligned(8) class SampleGroupIndexBox
extends FullBox('sgix', 0, 0) {
unsigned int(32) fragment_count ;
unsinged int(16) level _count;
unsigned int(8) fragment_type;
for( i=0; i < fragment_count; i++) {
for ( j=1; j < level_count; j+t+) {
unsigned int(8) level;
unsigned int(32) offset;
unsigned int(32) size;
}
}
}
[0140] fragement_type: 7t sample group(sub-fragment)® T4 WHE Yeld®, <44 sidx_extensionol] A&
assemble_type®} & d3&lt}.
[0141] level: 7} sample group(sub-fragment)oll tigt level & oIttt W& LTS & $HAEHE u|sr).

offset: 7t A=l i A7]E yEpdn.

size: 7 AE XA HRE YeRT
[0142] 3. A3&-g A (sidx_extension)
[0143] 7] <% 6> sidx S 53 o] uE syntaxe € o= Hola Ut}

_18_
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[0144]
aligned(8) class SegmentIndexBox extends FullBox('sidx', version, 0) {
unsigned int(32) reference_track_ID;
unsigned int(16) track_count;
unsigned int(16) reference_count;
for (i=1; i<= track_count; i++)

{
unsigned int(32) track_ID;
if (version==0)
{
unsigned int(32) decoding_time;
} else
unsigned int(64) decoding_time;
}
}
for(i=1; i <= reference_count; i++)
{
bit (1) reference_type;
unsigned int(31) reference_offset;
bit(1) contains_level; //indication flag for level,
added
unsigned int(31) subsegment_duration; //reduce one bit for
contains_level, modified
bit(1) contains_RAP;
unsigned int(31) RAP_delta_time;
if (contains_level) //added
{
unsigend int(8) assemble_type; //define assemble type, add
unsigned int(16) level_count; //number of level(e.g. temporal id),
added
for(i=1; i <= level_count; i++) //added
{
unsigned int(8) level; //level(e.g. temporal id level)
define, added
bit(1) reserved_bit; //reserved
unsigned int(31) level_offset; //offest, added
if(assemble_type == 0x01 || assemble_type == 0x03)
{
unsigned int(16) offset_count //define number

of samples in level, added
for(j=1; j <= offset_count; j++) //added
{

unsigned int(32) offset; //offset from
level_offset, added

unsigend int(32) size; //size of each
sample in level, added

_20_



[0145]
[0146]

[0147]

[0148]

[0149]

[0150]

[0151]
[0152]
[0153]
[0154]
[0155]
[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

SS90l 10-1735435

A7) < 6ol ALEEE Wgel 1 ejul e 2.

contains_level: sub-fragment T o1dlA ARE FIsle=x RS s Zg1 vE

assemble_type: A5E #e Ze W AE 259 EHYS FESE TEAR Z8EY. o) ME a5
I EAC wet A" 4 Uk oS B0, A7 vYes}t ere® i Jhesit).
olmj Mt FHd wet ¢ AEstd A 259 Ao JtEsit. dE B9, Uy M~ 2 EY nes

A Qst7] Al FHA4A tlmdo] 7t AETe R AL OFo® FA4Y & k. Az 44 (Temporal
scalability)S A ¥sl= vt A9, 2 temporal #@¥e] MEwtoz MZ IF FAo| 7ls3sltt. 2H Y
$© 39 (Stereoscopic) HT Q&= A Ao W& o] 7bssln], WVC 9A] View idE E3 F+4o] 715381},

level_count: moof W #He] & 4

M

level: Z} d¥S AHolgt, Yo £AUSE o 94 5
A &g 5= vl vk level_countd Fho] =AY o wil $AE9E l‘i—oqéglt}ﬁ‘ level
= 23y level_count 2] =42k #AIRIO] level & F-oidtaz} sk 4$, level T 9n|E zhet),

level_offset: Z}7+o] @] st 91X HH

offset_count: Z} sample ©9] AA~7} HQ

e
ot
o
2
il
2
e
ol
ol
N
)
-0l
o
=
oy
w
@D
@
o
o
oy
=
=

offset: 7} W&o $X Hx

size: HMEH A7)

reserved_bit: &7F& $3 reserved_bit

4, A4Z4 <j(Sample group index box extension)

sample group index box(sgix)¥ ZF moof WollA sample group(sub-fragment)ol]l thal A A~Z AF-317] 93]
FEA5E 22 (box)E 9u|sht}, A sidx_extension WHI 5Y35FA 2+ sample group(sub—fragment)ell o
ato] AMZ g g3t 2 aFo] e @ AR, aga A a2gd tid A7) AR (SampleGroupSize) S

3t7] <E 7> AMEZ OE oddA vkbA (Sample Group Index Box)ol]l ¢4 49 HARE F7}3F syntaxe o o=
[e)
N

*7
aligned(8) class SampleGroupIndexBox
extends FullBox('sgix', 0, 0) {
unsigned int(32) fragment_count ;
unsinged int(16) level_count;
unsigned int(8) fragment_type;

for( i=0; i < fragment_count; i++) {
for ( j=1; j < level_count; j++) {
unsigned int(8) level;
unsigned int(32) SamepleGroupSize;

W) <E TolA ALgEE WSk 1 o e

7}
fragement_type: A5 S Zv ¥, AE 159 BHYS FEFAY 2 AE 279 AUHEE A

o
ol
Qo
rir
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[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

TEA oz &g&dn. oju V] AL w2 L A me vgdetA FAE A dE S0 Hd L
Qe 9t o] myole] Blow & Zhestth. Bu AlEstsls A5, Bt s HA0] wel o 22 whef o
AE 25 740l Zheett. dE 5o, AW A B ER Res A9dshr] 9l SHAQl tade] vhs
FAEZER AT 2FS AT & vk AR &4 (Temporal scalability)s A €dk= Hlv o] 44,
22 temporal e MEROR ME IF FAo] Jhesith. 2HE 23 (Stereoscopic) HITI = Al
e gol 7hsst, WC 9A F AFel AEER Aol 7bedtth. Scalable VideoollA &fud o] o]
, oI5 Jell A

scalabilitys Aol Ask= 4, o1& AR sty o) e HE AFol sAld =Ad = A, 47
=

(o)
fragment_types &3 A Ash= BE 1w a5 B 52 AlE aFe] IddeR Med ¢ dn.

level: 7+ sample group(sub-fragment)oll that #BE A3, Yo HAdLE L& $HAEYE 9u|d,
level> level_count®] &nje] we} th2A] &85k 4 o}, "FF level_count #49 =AW W&ol ma -d¢
AE FoJddhd | level e F&E A F=vh. Ty level_countd] =49k BAIRLC] level & F-oldtaxl 3hi=
A, level 32 ouiE ztet)l, §17]9] <FE 8ol A& level & FE31A e F9-9 syntaxE UERACH

>

SampleGroupSize: Zv A& 179 A7|E Yehdy. ZF AZe ik 2719 ¥ ARE= 7 AE gl 8
5 enm, orldrs AE 2w 9o ANk Al

31719 <% 88 ME F <ldls vkx (Sample Group Index Box)ol fragment_typeRte 2 MZE 185 ekl
o] o
=4

Z 8
aligned(8) class SampleGroupIndexBox
extends FullBox('sgix', 0, 0) {
unsigned int(32) fragment_count ;
unsinged int(16) level _count ;
unsigned int(8) fragment_type;

for( i=0; i < fragment_count; i++) {
for ( j=1; j < level_count; j++) {
unsigned int(32) SamepleGroupSize;

B oA A¢tslE 7]4S o] 839 Trick and Random Access(TRA)S A Qs AL olge} Zr).

L

AR R RE QAe B Ao R oF, Z& ulg Aol A, Media Presentation Description(MPD)ZS
ol &3l g Al Wt MIHE AHE gty aEa g MIHES sidx(segment index box)E ©]
gote] agwke Alfo] algsts movie fragment EE ghQlstal, ARbsk= SampleGrouplndex boxE o] -85t

3 movie fragmentolA] SHZAQ EH3I7} 7Fedk AMZo HLsho).

level®] T o2 &§ 2 AE IF AEARY E&ojth. 1Y 3ty o] AE IFS AEAE 9
=
[€}

o #A AojoF FpH, levelS F3I

(Stereoscopic) 9732l &, ¢ AlA9 AE 7ol A2 EAske AS, ol& #AAY] Yot 2L #E o
ghth, o9} Ze W o= SVC, MVCF 22 S8&oA%E levelS o]&3to] AE IFIHY] AAE AT 4
AT

levelo] &85 ¢e AFolx 2ed|le2~53 (Stereoscopic) M=l ME IEF7 AAZE 7|&=s7] 9l
2 o= F7HEQA A2 boxE =Y. dE Eo] 2"HH 23 (Stereoscopic) AH| 229 TRAZ A
Q3l7] Yl B Do A<kl boxs 83t A$-, A7) fragment_typed} SampleGroupSize BHZ A3
ot o]E A3 AT A4 AE 2wE e AIMA, F34 #BAlE dependency_IDSF A1E 1w IDE ©] &

]
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[0171]

[0172]

[0173]

[0174]

[0175]
[0176]
[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

SS=50l 10-1735435

Sub Fragment Index Box(sfix)+ A7] Al 2 ¥ A 4 &8 oo B & A= B9} #o], sub-sample group &=
= sub-fragmentol tigh el ARE AFgrt, & Aol AtstE vhel o], ARgxle] 8 EE UE
A3 A 7Fe Yo 213te] fragment?] YH-<l sub-fragment F+= sub-sample group®l] H3e Ads
A Qa7 $18te] 7] <FE 99 o] sfixE sl

T

3}7] <& 9> sub-fragment i sub-sample group €€~ ARE A|33}7] 93 sfix extension? syntax?]
d o & Hola i},

#9
aligned(8) class SubFragment IndexBox
extends FullBox('sfix', 0, flags) {
unsigned int(32) fragment_count ;
unsigned int(8) fragment_level_count;

for ( j=1; j < fragment_level_count) {
if ((flags & 1) == 0)
unsigned int(32) track_id;
else
unsigned int(32) sub_track_id;
}
for( i=0; i < fragment_count; i++)
for ( j=0; j < fragment_level_count; j+t)
unsigned int(32) accumulated_level_size;

A7) <3 9>¢} 7ol sfixyE 7} sub-fragment HE¥ sub-sample group®] w3dk QElA AHBE AFsr}. SVC,
MVC, Trick and Random Access(TRA) 433} Zo] fragment® UHE AU, AR Fgae A3 (A=
=°l, TRAZ #I3to] fragment FolA SHZQ 557} 7He ek sub-fragment B sub-sample groupell H<X3foF
3l= 443k SVCel o] adaptation®] 7FE3dF Zdle] A9 EA scalability® ZHE sub-fragment X sub-
sample group?S &&= Z-9)olA Z+ sub-fragment = sub-sample groupol FH37] 913 AWHAE AT
slojok o). whebd <E 9>} Zo] track_id EE sub_track_idE AFITFOEHA o]Z 7sEA F),

A7) <E 9ol Ao W9l 1 o thea o]l Ay 4 r).

fragment_count: sfix7} X33} fragmentd] /RS epdith

i

erae

track id: 3 sub-fragment T+ sub-sample group®] track_idollA 7}&]7]+= track® Holg dH=

0 9ee ovigd,

fragment_level_count: Z} fragment”7} E3H3}+= level 9 7|5

3
=4

&

ol
-

o

sub_track id: 31" sub-fragment =X sub-sample group®] sub_track_idollA 7}&]7]%= sub_track® do]g o

=
e z3stn Yo gu|dtl. #A] sub-track?] idE AFTEHA R 9o}, FE sub-track-id7F ASHE

A T
o a8x %S AL, track Wl ETH sub-track? Aol wiEt £x1H 07 sub-track-idE F7HA7) =

accumulated_level_size: Z} sub-fragment X+ sub-sample groupdl W3+ & Z7|E YeRATE,

AF719] sfix extensiono A= Z} sub-fragment =+ sub-sample group® T4 AR.(A] 1 WA A4 g ol A

L

fragment_type =+ assemble_type)S ¥3He}x] &=tl, 2822 3% sub-fragment B sub-sample groupd)

= o~

=5 7} sub-fragment box ¥ sub-sample group boxollA WA = A& Aolr}.

Aol met 1o A Akl g 2% BaA 4] Wy AnRE 9L S Ak
olel A B el AA ool thakel AASA AReAAT ¥ o] AUl ol FHRE AL ohn
el ATHAGA Aesa i B owwe R AdE ol4d FAAe old ¥y ¥ AP Iu w2
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o] Aol £ahe ol
=g
R

Server

Client

Request (GET)

Time

Server

Timeout C

Time

k1
:
[\

Request (GET)
Response (200 OK——

————————SEND ——— ]
«——ACKI—— |
———————————SEND,2

e NACKE |

———————RE-SEND2— ]

%,ACK,Z/_’

—_—

RE-SEND2 — ]
« MK
—————————SEND3— ]
MK

Client

D Error

n

NRI

NAL TYPE PAYLOAD

NAL Header
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omn
J
Jm
Qﬂ

EH3
Server Client
. Request {GET) —_
Gs,
OOOS@
2
%
— Timeout
le— Request {GET) _
Time \ Discard
Re
l SDonse (200 K
\, OK
- Timeout
Ry
Server Client

«—————— Request (Partial GET, Range 1)
Request (Partial GET, Range 2) —— | Response

jal GET, Range 3) ———— | |(206 Partial Content 1)

N

\ | Recover or
Presentation

—1 Timeout

art.
/76/ e Of)[@ N
nt

-

e« Request (Partial GET, Range?‘)\

\» Discard

Time
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k1
g
%))

Buffering Input Rate o f(BDP*, Timeout)

<— Qverflow limit

<— Buffer Length

Decision point

Buffer size = CTB+CNF+RTB

Underflow limit—

Current

Drain Rate e f(Level) Playing
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=86
Available
bitrate
—> Time
(a) UDP and the proposed
—>»Time
{b) Typical TCP
! Effective |
I bitrate |
Ly e
—> [ime
(¢) Multi-session TCP
EH7
A
Bmax
Amount of Receive the Start
received data - ar
[byte] first datj packet playout
Signaling Buffering Tir;e[sec]
delay delay
Er8
[byte] A
Bmax
Receive first base Sgig&i”
layer packet Start bas
layer plagOut playout
bmax 44———/’///1
Signaling Base-only Enhance-only Tﬂﬁe[sec}
delay Buffering Buffering
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s==4

Start full
quality
playout

»
>

Timelsec]

out

First base-Intra

display

/

Start bas
layer pl

Enhance-only

Base-only

Receive first base
layer packet

Signaling

[byte] A

B
H

Bmax

bmax

Buffering

Buffering

delay

EWHI0

Content

%sm

One period

One representation

Periods ﬁ

Representation

(e.g. Base/300k)

783%: 7 783% L cee

or

Representation
(e.9. Enh1/500k)

7833 with Byte-range Z

Y

One segment

sidx

Fi | F2

F3

sidx | F4

>,

Described in MPD

~

Provided file format
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LIEILBIEB|LBIRBILEBIREBILPIRP|ILBIRBILB[RBILEBIRBILE|RE

LI |LP|LP|LBILB|LEB|LE|LB|LB| Rl |RP'|RP |REB|RBIRB|RE|RB[RB

e e S
Left view Right view

Byte order

v

RSN
(49274 1]

(2Ag@=] 89
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