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[0001] This application clainms priority to U S. Provisional Application No.

61/ 509, 9380fwi3ad280 July 2011 and U. S. Provisional Appl ipcatusee2iero73

61/ 522, 136, filed 10 August 2011, theicontents of each of which are hereby

i ncorporated by reference in their entirety TECHNI CAL FI ELD [ 0002] This

di sclosure relates to video codin nor e s ecifical to entropy
ARG it

codi ng of video dat BURHRI G G %B@NI?@T’AJ YViREQ € Gities can be

incorporated into a wide range of devices, including digital televisions,

digital dir 1. elegs I
digital as ?@{I:L %ﬁis fjor ﬁl rlo}(()y][rj tge[zét %I%(]%goqrrl%u%é?ﬁ%%{)gg@e?ﬂggﬂg%ﬂer S,
e- book read@¢d20 ahlglznal aﬁcarﬂ‘es a?sowsibgdltpqiphbammo red /SPyideefled dDgligist medi a
pl ayers, video gam ng devi ces, video gane consoles, cellular or satellite
radio tel e&ﬂbhége carpenispf egh of atah aﬁ%g 8y incoipgeed By wESMESIRHSIg devi ces,
vi deo st re%mu%gy devices, and the like. Digital video devices inplenent

vi deo conpression technlques such as those described in the standards
defined by MPEG 2, MPEG 4, ITU- T H 263, ITU T H 264/ MPEG 4, Part 10,

Advanced Vi deo Codi ng (AVC), the Hi fici Vi deo Codi ng (HEVC)
standard presently under devel op%gﬁa’étMi ons of such standards. The
vi deo devi gego2]ehid didSduid relaft@sct%'vY(Feo c“oﬂﬁl‘gdﬁld %@@Qﬁeoﬁ%ﬁﬂ'{r b eﬁtfr&;{yecd&@ tal
video information nore efficiently by i npl emeént i ng such Vi deo conpressi on

t echni ques of y@3BO4ptavi deo conpressi on techni ques perform spati al
(intra-picture) prediction and/or tenporal (inter-picture) prediction to
reduce or renove redundancy inherent in video sequences. For bl ock-based
video coding, a video slice (i.e.,BACKGROUNDtuUre or a portion of a video
picture) may be partitioned into video bl ocks, which may al so be referred

to as tree %A dj; i Bt @%é&gt ale) ESioc VF | ocks in
an intra- ngﬁfg‘f?)l? slqlh%% Clé? ﬁell ;ljelgscggﬁ%og ar é%g%g{@ l\f}s}?%g %gft?%l%egredl ction
Wi th respectcliding éigitnkbeistanpligsalidircodirgivastispgernb, ockdessbrodueass ane

picture. \/deo bl ocks | nin Ilce of a picture may use

spatial pr &UETPATRIEHIE! B%Waqt%f"&g/%g (o 0§§ feSqrpputers, EbiE
computers, e-book readers, digital cameras, digital recording devices, digital media
players, video gaming devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferencing devices, video streaming
devices, and the like. Digital video devices implement video compression techniques,
such as those described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263,
ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency
Video Coding (HEVC) standard presently under development, and extensions of such
standards. The video devices may transmit, receive, encode, decode, and/or store digital
video information more efficiently by implementing such video compression
techniques.
[0004] Video compression techniques perform spatial (intra-picture) prediction and/or
temporal (inter-picture) prediction to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice (i.e., a video picture or a portion
of a video picture) may be partitioned into video blocks, which may also be referred to
as treeblocks, coding units (CUs) and/or coding nodes. Video blocks in an intra-coded
(D) slice of a picture are encoded using spatial prediction with respect to reference
samples in neighboring blocks in the same picture. Video blocks in an inter-coded (P or

B) slice of a picture may use spatial prediction with respect to reference samples in



WO 2013/ 012867PCT/ US2012/ 047073 2 nei ghboring bl ocks in the same picture or
tenporal prediction with respect to reference sanples in other reference

pi ct ur es.wpQOHi2gEpat i al or tenporal prediction resultspcms@redioosive

bl ock for a block to be coded. Residual data represents pixel differences
between the original block to be coded and the predictive block. An
inter-coded bl ock is encoded according to a notion vector that points to a
bl ock of r&rhberdee laglks i she wme mefutey teneirkredistion wik respaef 1o Fefereaes dual
data indic ween the coded bl ock and the predictive
bl ock. An ?%t %s%ﬁ%h%H%Fﬁé |§x%§%oded according to an intra-codi ng node
and the res{()(iilﬁz]tlSpdaala)r t&MOrﬁle‘rédlemommlﬂt’seﬁSlpmdlcttvi&é)l(licﬂistbdﬁlhlocklmbe may be

transforned fro i xel domain.to . transforn1d mai.n, t|n in
resi dual tﬁaﬁ@réﬁ ‘ﬁ‘é&%‘t? FSPEGHERLS DT eFersges I?Féxye%t §OHRineLAack ke quant i zed

transform cggld il tﬁ%l%dlc'tl% bloRk! XnahtApaRd b'l(Q:kals N UEd AERRiR %‘?H a Rbfisy . May

be scanned in ord 0 produce a one-di nensional vector of transform
coeff|C|ennswoaﬁdtmnmmmpybk@&wﬁgﬁﬁayubenquﬁbedmgmmawhdmvee@vdnandﬂe

conpr essi on .0 06 I eneral, thjs dis o escr,i

t echni ques ?%‘f Pﬂj{’ %h renﬁ%ﬁetﬁéfﬁﬁh%ﬁéo‘i? tgaﬁ’ée 1 We olgek:
d'SC'OsureAhﬂﬁhﬂQ§d&?QH@tﬂ%n&ﬂk@%@&ﬁﬂlgﬁoﬂﬁhﬁnﬁﬁﬁﬁf%ﬁo&#&ﬂﬁh@ﬁmﬂﬁﬁﬂ
perform ng prediction techniques in video codin is, spatial

predi ct i on dgta. &or further aorppr@@ﬁl@t, |t1m11)681dualtd@tmnasabe pansdorored Srong heepixel
I nter-pr Edld%%bont)o aXlsP ud'so dan% (%es & WGS resadua?pgl%s?o egoe%i C’%lwhl&v{hego be

sequence ase eo CO

used as pr gyt cpmnumdorImﬁtqlwmle@ltra@sferr@boerfﬁélent@t1hﬁfa119laﬁakgedqﬁ a\twdeo dat a.
Prediction information associated with one or nore nelghborlng bl ocks of a

bl ock cur r SHPERPIQIE] FgYe B de ednBé inserdeield nrpduse 2 opgrdiraprsennal ¥tenpdt such
predi ction P&Bﬁﬂ%&%@ chf, ﬁl‘aaénkﬁpgﬁo&ﬁ%nﬁ?%%?gﬂ&ﬁ GUALEOL R PGk The

techni ques o osure refate t he amunt o prediction

i nf or mat i orofpasssioei ghboring bl ocks that is buffered during codi ng.
According to sone aspects of this disclosure, a video coding device may
avoid using prediction information from bl ocks of video data that are
positioned above a block of video dajiaviMidRy S currently being coded (e.g.,
referred to as "above-nei ghboring bl ocks™) when coding the current bl ock.

[00.07] I'n iﬁ'ﬂ@itﬁg@% e’r laﬁll?s E OSQI];'G Ei%cﬁbf%'tgc(ﬁn? Wl & 3 fpr c?hﬁ%%léeg cﬁtarmfI r1]0d of

codi ng vi deo |nc es deternmnrn ormation for a
bl ock of viedgapidatha tedhhﬁllues dsfthfseilstclldmi"e 1h61udd§1f.éldudﬁg ah amaustadedtathattis of vi deo

data and positioned bel ow a top row of above-
buffered when performing prediction techniques in video coding. That is, spatial
prediction (i.e., intra-prediction) or temporal prediction (i.e., inter-prediction) may be
used to reduce or remove redundancy in video sequence. In block-based video coding,
video data from one block may be used as prediction information for one or more other
blocks of video data. Prediction information associated with one or more neighboring
blocks of a block currently being coded may be stored (i.e., buffered), so that such
prediction information is available for coding the current block. The techniques of this
disclosure relate to limiting the amount of prediction information from neighboring
blocks that is buffered during coding. According to some aspects of this disclosure, a
video coding device may avoid using prediction information from blocks of video data
that are positioned above a block of video data that is currently being coded (e.g.,
referred to as “above-neighboring blocks”) when coding the current block.
[0007] In an example, aspects of this disclosure relate to a method of coding video data
that includes determining prediction information for a block of video data, wherein the

block is included in a coded unit of video data and positioned below a top row of above-
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wherein the prediction information for the block is based on prediction

i nf or mat iwo 2br3ommessme or nore ot her bl ocks in the coded wmoirtusbak/owmtys based
on prediction information fromany of3the top row of blocks in the coded
unit; and coding the bl ock based on the determ ned prediction information.
[ 0008] In another exanple, aspects of this disclosure relate tq an

appar at us MEihBYERSY oS8 shegeadgd unit, andjwehegsin s reedietin EpEREOY O1ithe | udes
one or nor r A rm pclil i jon for a
P B B e
dat a and posittbuonadbdsed owpeediaion ndfarmodticabione ang bfjthb dop rogv of dodls in thet he

coded unit, and wherein.th redi.ction informatiogn for. the. bl ock is based
o i ed ot B W bARGETHRE e GG PSSR Breition horHE Soded unt
_bUt not bai@ﬂ)s?ﬂn Hﬁ&ﬁéx@xh&@ld Qip%t@%?ﬂﬁ@difsélemr@%{at@fto 5rh§pﬁa9a@usr fBWc&finé" oc ks
in the coded unit; and code the bl ock based on the determ ned prediction

i nf or mat i orvidgoGREY]In ths axemnlerthe xppapites ingkidecers afmaerhipsoadiwed @udigaredel at e

to a non-transitory c ut er-readabl e or age. medi um havi [nstructions
Stored 1 nerSARCTRAY PRAEHT SYRbTRER ofa Blesk SRE BT duruhe¥Be bR

determ ne pfi@edeatih @Rod& @GV da0f aritl fsRDhe®@belvivdenp dal af abvhier ei n t he
block is included in a coded unit of video data and positioned below a top

row of aboveighbemtblprlsgn bhoradsd unittand vheeri themredictigrdinigieraipm farile

predi ctionj i \ i i Lnf orimmat i on
fromone orb Ildr%ﬁgeg%%bigg pE%(IJCé Og q?%%%%ﬁcﬁd%gﬁﬁggf %%Bédétﬁ%ﬂo@%)%g%lt oc(r%dg?edi ction
i nf or mat i onnftbamme@nyased oh besdicion ifermitidal foek any 6f the eoc @ahedf blotks;in @ed code

t he bl ock baied on the eté?er m ned predjction infornation. [0010] In another

exanpl e, aspertwibengd P E’@P’égﬁﬁeé ondhgdeterynepapisdrainiamaionc odi ng vi deo
data. In thj i-ngil i 1 ni ng
predicti an?ﬁﬂﬁ?ﬁgﬁc}tgeﬁ %&E@pi@?@ﬁ%c Bﬁ%ﬂlgﬁlgéeigﬁggﬁégﬁge?@ ﬁgﬁlﬁ{eo l ock is

i ncl uded i mompuoedeshdable stoodgevmatiom datiag amtruposistskarad theleehoatavhap row of
above- nei ghboring blocks in the coded unit, .and e the.gredi tion

, rei
i nf or mat i o XFBHCG AISHPBE R MOTHLET YR IDILTHIURT BrTIICHPD FHRTRBINPIHPISRE or

nore ot her JphRrKAaianwhB8inBE 8RN facRibd Hof cf1RE &fit DviIES ditd tah@BodifibRdmat i on
fromany of the top row of blocks in the coded unit; and neans for coding

the bl ock baleda top owefdbowr-ndigldwripgdiicks inotheicadatyrmt, pohwhiouthy The
details of ong or .npre aspect,s .of .the di,scl osure are set. ferth in the
cecomanyi Rocds RBEafaPBEU Heck £ Beis i RuB ot forkhian fhidc b i et s,
and advant aggs offer bldekd RahetstegsndeschdotbBgded Bn bRidsctidhseloasatid Wbrhlanpe
apparent fromthe description and drawi ngs, and fromthe clains. WO
2013/ 01286 PbtE tosreyy of blegks7ig the coded unit; and code the block based on the determined

prediction information .

[0010] In another example, aspects of this disclosure relate to an apparatus for coding
video data. In this example, the apparatus includes means for determining prediction
information for a block of video data, wherein the block is included in a coded unit of
video data and positioned below a top row of above-neighboring blocks in the coded
unit, and wherein the prediction information for the block is based on prediction
information from one or more other blocks in the coded unit but not based on
prediction information from any of the top row of blocks in the coded unit; and means
for coding the block based on the determined prediction information .

[0011] The details of one or more aspects of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the techniques described in this disclosure will be apparent from the

description and drawings, and from the claims.



BRI EF DESCRI PTI ON OF DRAW NGS [0012] FIG 1 is a block diagramillustrating
an exanpl e video encodi ng and decodi ng systemthat may utilize the

t echni quewodesxoedsed in this disclosure. [0013] FIG 2 ipsTaisbéiomkrods agr am
illustrating an exanpl e video encoder4that may inplenment the techni ques
described in this disclosure. [0014] FIG 3 is a block diagramillustrating
an exanpl e vi deo decoder that ma]\égiﬁﬁlgement t he techni ques described in

this disclosure. [0015] FIBEIEF] @IQ%OEMWINQS di agr anms

illustrating an exanple quadtree and a corresponding | argest coding unit
(LCU). [O00160Q12IFE. bis ssblaclddiagrasmllubtraigigraatex mmpkexadgol eacoding hinbdé¢oodingl ocks
fromwhich a nost probabl e . intra-nmode may be determ ned. [0017] FIG 6 is a
di agram i 1 0drn b RSl Eis o RS A e RuP R RBRSr bredi ctor

candi dat es.[00 B9 IBE. FisG blécit Giagrat MA@ ink ah s hiinBlel vide oonabddr éhat daghbor i ng

bl ocks from which Pl‘edl ction information may be determ ned for coding a

bl ock. [Oo01wplemegt thg tgchiniyet drseribidag taimdiscloseier at i ng exanpl e nei ghbori ng

b ocks T oy HPS U SiblORiabAhPHITRG R TR ARASE dUBES GO N9 2

implement the techniques described in this disclosure.

[0015] FIGS. 4A and 4B are conceptual diagrams illustrating an example quadtree and a
corresponding largest coding unit (LCU).

[0016] FIG. 5 is a diagram illustrating example neighboring blocks from which a most
probable intra-mode may be determined.

[0017] FIG. 6 is a diagram illustrating example locations for motion vector predictor
candidates.

[0018] FIG. 7 is a diagram illustrating example neighboring blocks from which
prediction information may be determined for coding a block.

[0019] FIG. 8 is another diagram illustrating example neighboring blocks from which
prediction information may be determined for coding a block.

[0020] FIG. 9 is another diagram illustrating example neighboring blocks from which
prediction information may be determined for coding a block.

[0021] FIG. 10 is another diagram illustrating example neighboring blocks from which
prediction information may be determined for coding a block.

[0022] FIG. 11 is a conceptual diagram illustrating an example of clipping prediction
information of one or more neighboring blocks.

[0023] FIG. 12 is another conceptual diagram illustrating an example of clipping
prediction information of one or more neighboring blocks.

[0024] FIG. 13 is a block diagram illustrating boundary coding units of a largest coding
unit.

[0025] FIG. 14 is a flow diagram illustrating example techniques for reducing the
amount of prediction information that is buffered during video coding.

[0026] FIG. 15 is a flow diagram illustrating example techniques for reducing the
amount of prediction information that is buffered when performing intra-prediction.
[0027] FIG. 16 is a flow diagram illustrating example techniques for reducing the

amount of prediction information that is buffered when performing intra-prediction.



[0020] FIG 9 is another diagramillustrating exanpl e nei ghboring bl ocks
fromwhich prediction information may be determ ned for coding a bl ock.

[ 0021] FIv&o 2818/d1286anot her di agramillustrati ng exanpl e mergisbarionm7Hl ocks
fromwhich prediction informati on maysbe determ ned for codi ng a bl ock.
[0022] FIG 11 is a conceptual diagramillustrating an exanple of clipping
prediction information of one or nore neighboring blocks. [0023] FIG 12 is

anot her colB®&$H §a¢- & B oy Id‘}a!g{?élt ?lwﬁrﬁﬁlgeﬁ%a@??rfﬁ? igtes éori g e PFedi ction
i nformati O%nﬁ)funp&ﬁar&[i%tﬁm{ @gdr’ll{;faﬂ&pﬁfa{ R%u?ﬁe%ﬂgfheg[;%%ﬁhin Ii&er-%%dic%ioﬁ‘. bl ock

diagramillustrating boun codi ng uni argest coding unit. [0025]
FIG 14 i s [60X9] ¢\WGdi &graafitow dlagstnr diuistngfinexeaamipee tteoliicy fi@srefworing taduci ng t he
amount of prediction,.infor Fﬂt i an that i bL(Jiffered uring videq. coding.
[0026] FI Gampsn{ of RECiFERY aioaEpeaRn FRT MRRRC Y RSB ne R P B iSO or

reduci ng the anmount of prediction information that is buffered when
performng intra-prediction. [0027] FIG 16 is a flow diagramillustrating
exanpl e techni ques for reduci MYETASLERORESCRAPHION cti on i nformation that

Izglgfgzggggggpﬁ &é%%?cr@g‘@%%'vﬁte rrnaa_ypartt%rclilipg %oi coo?ﬁpres\é\gideo data by taking advantage
of spatial and/or temporal redundancy. For example, a video encoder may take
advantage of spatial redundancy by coding a block relative to neighboring, previously
coded blocks. Likewise, a video encoder may take advantage of temporal redundancy
by coding a block relative to data of previously coded pictures. In particular, the video
encoder may predict a current block from data of a spatial neighbor or from data of a
previously coded picture. The video encoder may then calculate a residual for the block
as a difference between the actual pixel values for the block and the predicted pixel
values for the block. Accordingly, the residual for a block may include pixel-by-pixel
difference values in the pixel (or spatial) domain.

[0031] With respect to intra-coding, a video encoder may generate a predictive block
according to a predefined intra-prediction mode. The video encoder may subtract the
values of the predictive block from the values of the block currently being encoded to
produce a block of residual data. The video encoder may signal the intra-prediction
mode and the block of the residual data in an encoded bitstream that may be decoded by
a video decoder. The decoder can generate the same predictive block (e.g., using the
same intra-prediction mode) and reconstruct the encoded video block by combining the
residual data with the data of the predictive block.

[0032] The emerging HEVC standard may use as many as thirty-five or more intra-
prediction modes. In order to reduce the number of bits needed to signal the intra-
prediction mode selected by the video encoder, the video encoder may identify intra-
prediction modes for already coded video blocks, such as one or more spatially
neighboring blocks. Based on the intra-prediction modes of these neighboring blocks,
the video encoder can identify a most probable intra-prediction mode for the current
video block. The most probable intra-prediction mode represents the intra-prediction
mode that is most likely to be used for encoding a current video block based on a
context for the current block. The context may, for example, be defined by some

combination of the intra-prediction modes used for neighboring blocks, a size of the



5[0028] FIG 17 is a flow diagramillustrating exanple techniques for
reduci ng the anmount of prediction information that is buffered when

per f or m ngoiz2ntsanzgeredi ction. [0029] FIG 18 is a fl ow diragrspeizioktess rati ng
exanpl e techni ques for reducing the asount of prediction information that
is buffered when performng inter-prediction. DETAI LED DESCRI PTI ON [ 0030] A
vi deo coding device nay attenpt to conpress video data by taking advantage
of spatial HHEMAokeAHbEr faggii dRsdgctorsgiscRuhsvadeoLngodes o defeideias theay
take advaniggeabr iR EHINANGY JRY SQUIRE. By PlGled BBHLY THLE the

nei ghbori ng, previously code ocks. Likew se, 3"Vi deo encoder may take
advant age aiiost propeblalintraephedatioc ynody detocthingd &y Heowéea @icadércen hiso dat a of

previously coded pictures., In particular, the videqg encoder nay.predict a
U ent bl GERTRRGHbA g desOAB i pa R SPEF RS MESe oA Boevi ous!y
coded pi ct Yeoded MEhY @R rENBRIBIra FRIETBMMER! 4 8f BafnbEs HYMmd & thE he

bl ock as a difference between the actual pixel ‘values for the block and the

predi cted pitrepredetioemode actubldy bied i engicle drediumghtyblotkh eTheaitehlatrak or a bl ock

may i ncl ude pj.xel -by:pi xel djfference values in,th i xel r spatj.al)

Gonai n. [ oosic i de iR BE S engRod B P Ben PRSI ac o
predi cti ve niddRGPfodecothdibeg dqualiy dTredabiues vindd. a- predi ction node. The video
encoder may subtract the values of the predictive block fromthe val ues of

the bl ock 0033t Videpenqogcrsraagaerates pntawteanent lrgauygen ede difsrcasat a. The
vi deo encodey: .S] Nt r.a- [.Ct | C -1 he
Voot dual _ aaaiclTRe (PRl oSt P AE ALE| 16 bl TAE (BRCs: A% BB e fludd

dﬁc oder. _'I'hh@déEfGlOﬂig lcusant vgnmagﬂsactke "lgﬁ&e;yﬁﬁmlemﬁdhﬁ%j fvse@kﬂngﬂg, b(e_eLd@nng3 }d'ﬁj Egb
the sane I ntra- pr e ILction e) and reconstruct the encoded V] deo ocC Yy
conbi ni ng PHETS &iipgiarcrdenhame ek nespaeeion meofle iptedney Prebabledeikd- [ 0032]
The ener gi @%d{ﬁ%@ rg&&nﬂﬂf“é”' ca%@%h&%gmal%%ﬂﬁg&ﬁaﬁ #ﬁ(ﬁe X ndTEEmost

intraprediction nodes. In order to reduce the er of bits needed to
si gnal t he prettabbkpnegipotdicdonmogie. dhuectlen thy adtigd intrdpedenondeds fottee vi deo
encoder may identify intraprediction nodes for. already coded. vi deo bl ocks,
such as on&“BFIREI Wpct s 19 PoHaryisls! ﬁ@-pmdbféwgm%%s aawaﬂﬂ&a-
i ntra- predipsddiQbnMRERSoPThetdIRS VIGIONBAL bl Bkl frdh 8nddiddeR Rbspder can
identify a nost probable intra-prediction node for the current video bl ock
The nost prsibghlsenglabit & Praditlos exeamprod dniegtanssewhercttiveadtynl ixiragpredicton on

i deo bl.ock

mode 12 ool bt s A B SSREL  R A H BB e

defined by shoaRdeamd fstlcivord Billotvives thetfira-bir(BeiCiirsobit sDdeSolseel byos

neighborin%ogggﬁgf, a size of the WD 2013/012867PCT/ US2012/ 047073
[0034] With respect to inter-coding, a video encoder may generate a motion vector to
identify a predictive block of video data, e.g., from another video picture or slice, which
may be used to predict the values of a block currently being encoded. The video
encoder may subtract the values of the predictive block from the values of the current
block to produce a block of residual data. In general, the video encoder may signal the
motion vector and residual data in an encoded bitstream that may be decoded by a video
decoder. The decoder can locate the same predictive block (e.g., based on the motion
vector) among a set of decoded blocks in a decoded picture buffer, and reconstruct the
encoded video block by combining the residual data with the data of the predictive
block.
[0035] In some cases, predictive coding of motion vectors is also applied to further
reduce the amount of data needed to communicate the motion vector. In this case,

rather than encoding and communicating the motion vector itself, the encoder encodes

and communicates a motion vector difference (MVD) relative to a known (or knowable)



6 current bl ock, and other factors. The factors used by the video encoder
to determne the context for the current video block are also discernible
by the viweaotsuaester. Thus, the nost probabl e intra- presgceiusen2ovmes
determ ned by the video encoder can also be determ ned by a video decoder
wi t hout having to be explicitly si gnal ed to the video decoder The nost
probabl e intra-prediction node nay % not be the sane as

&

i nt ra- pr editiogyervEe Thekipam snoueleaeqt% Khdaat breused vyithe M\S‘Br&o dafiiee act ual
i ntrapredi ich
It o pr edi it e GA Do, G G BEE ob B o PR B OERE: RTEEr PV,

[ 0033] A vi[te3s] enpodess refaned)eniarthd epca)nﬂyngW(el;termmdi af adaptinchosbomedtor t he
bi t stream i ndj.cati t he nost bIel tra- edrctron derst e sane
o5 the: act AR B BE TRble R S pishe D7 Bt G55 SRS Sy R

el ement mayyonf QfvefX aBRhSori Ié‘ck%'lﬁ‘%a%apéﬂd, te @fa?dlréctlohgldTE@-ﬁﬁﬁoﬁ D&dort he
actual intra-prediction node is the nost probable intraprediction node and

"0" indi catcelsdldattasettlméu@talmlrahmcrfa@aoché@tr:s:fqrMVPm&tethusscaﬁotthet hideoromtoder

probabl e intr redi ction node. when .the a intra- di ction node
Por a cor r ohERy PlsBo bt B Eradhidn A SRARE SEbREY b BIBPEEHsGRE" o
actual int rapheddkidresh EEeusil sot 4l cg wité-ARtordbkl eskt BhO¢HKs)C anmbios v aiad ed
from encoder to decoder using a single bit (a "1" in this exanple). In

i nst ances Rsi¢tor lﬁé%(mmrd&)marydwar@am@tqddﬂ thepddeq decader te iform e probabl e

i ntra-predi EH?HL N ﬁ[ng,l th a
codeword fo {;dod\/%mp\ﬁ}gg%ﬁ% lécrqf%tﬁ ¢ ( wlﬁc}%ﬁgé& %p@a&ﬁ&’l% s ?d & Ol)tl)my a
codewor d) . de&add. Tid MVIR Bt co'fnﬁnlhmtzeéd Chithi digoda cuh debie cladelV Drayth
generate a notion vector to identify a predictive block of video data,

e.g., fromi¥iierdelinekby e cratioa VGPtOE preéractor\m S SPrBY lOgECRSERCUTRe BPERR ct t he
val ues of ?[lock currently being encoded. The video encoder nay subtract
the val ues of the predictive block fromthe values of the current block to
produce a H0@XK Aofo-rakiddumigaade” rhary @smlee alailableeinw/id elomenon ddormaipnsi gnal
the notion vector. and resi uaI dat encoded . bi .str.eamthtgfmr may be

decoded by (%gvmé@na’s%ﬁere CTEE e Bt&alrm SIFS1 EALROT HECLGM: OpPRET ct i ve
bl ock (e. g1nfoaa§teq?cpaha@hrmrﬂgondmbews@r@m Rr 8 ehrr&ft vilRe ek Rigcks in a

decoded picture b and reconstruct the encoded vi deo bl ock by
conbi ni ng tchéed. e msﬂak valae aayibetisedht identiy dife neighbor érdncwhwe thsf qyesient [ 0035]

furtnar s astiio MEhiin s fRMR heindBh R, WIS i Retel Srte BB Efob%e: or

In this casempdra Jh@djaédﬂﬁﬂraﬁeﬁ OTHdger@ ehdde MR Th6@dH inebridalomBbinddhe\gCt Or
itself, the encoder encodes and communi cates a notion vector difference

(MD) r el atseyesalicgndidata flasks.drt dopsvigbrady on poMBR3/ 012867PCT/ US2012/ 047073 7

mot i on VeCt[@dss ok H‘Qtd'ls%[bsﬂr%ggtgﬁé%llwgéfgﬂ té*?ﬁrg@%u&?ﬁﬂ‘o 198"3 AeiD to

define the cur ent no n vector SO-Ca not'1 on
vect or pr egirali@ion(iMdihati¢rD&iA]r iltepprdasion iefbanato foﬂgem&rettihlg aypediciveg HEVC
standard a aptive notion vector prediction (AWP) & may be i npl emented in
whi ch a m)t%rl‘lfg of ytdegrdataa diatine with &¢sped te iitrarcodingpedistipd infAENYIBdrPhg

bl ocks in %Pt%HoaJn il %&Hgﬁ{éﬂ'e udld ©G doAps blo-lc@%f%e'ocd@tavqff&ﬁﬁlcﬁland' date set

includes a plurality o dates for P. hi's case e video encoder
sel ects t henﬁousatlomcmabr ds@rqﬁcred|11uta3cod’1mg)1mmd¢seofmargﬂlbd1am&blselts s

anal ysis o C te an torti . usi n

PhoeT ol ot orir S ek A ae Pl R Rn ab it or AR ARTIS A e vy © )
may be tra@l@é@nb&t%oﬁa%lérﬂ@dé’&&%ﬁ@@ﬁ%@s dfe@criHéH%cWe_t) hﬁd@ﬁféﬁ@lﬁf omhere to

| ocate the MVP, i.e., which of the MVP candidates is to be used for

decodi ng. Fhernmly sfoernm-pcoiwﬁm peedecdion Terndkindesy i te owbione t he MWD
wWth the erloftoﬁm atl r‘he l%1¥ot1 e ogrsI % c%ggct I%rctuPc n c>§ésolgrcdlcggﬁ( dircsc?iogés otr 0
reconst I'UCt fﬁ)nt ec ’
other information) used to code a block of video data. Prediction information may also
refer to motion information of neighboring blocks, in examples in which such

neighboring motion information is used for coding the block (e.g., using the AMVP and

merge mode processes described above).



[0037] A so-called "nerge node" nmay al so be available, in which notion
information (e.g., notion vectors, reference prediction indexes, prediction
di recti on®p 2013/0k8ser i nformati on) of a nei ghboring vi deeclluseki2ios7ornherited
for a current video bl ock being codeds8 An index value nay be used to
identify the neighbor fromwhich the current video block inherits its
motion information (e.g., top, taop right, left, or co-located froma

t enpor al | y [839% deany easanrspdictioreinfRimationpie hstschiog wneallse olinsabufés. Pom one
of several i e nut %&g% [

Accor di ngl ;EE&?%: %@%L?tsléﬂ %gﬁﬁlgtlggkse%gﬁmg?%fré%éﬁtc ga”ﬁfge I ct%’oﬁﬂlﬁﬁ%s F ?rtat ion"
as i ntrapr egratodimg, ithnf vdemtodenmapdfoos an mtt@fprpdietthncinbdnfor kficr ofehe blocksor
generating .ﬁredictive bl qck ﬁ% video data. That is,. with.respect to

i ntra-codi NGt BBt & IPEH-GoAS, Igidse GREsr TPEY EPTerBetgl At ity node used
to a code gflAGkBEs (‘ﬁh\gcf?ﬁwgﬁtré’ferﬁb@ﬂicﬁﬁb Ackaf GEMRK) QRediBbndliResRl er to

i ntra-codi ng nodes of nei ghboring blocks, in exanples in which such

nei ghbor i ndinitert dia), coetheynfrotetomrfer eacb@f florbleddi dge dine bbffookay sforg. , usi ng

t he nost probahl e .npde deri vat.jon ocess scribed aboye) . ditignally or
Al ter nat | varS PRI bRk R TR ERRER R PORAR P RS PEAES 1)
noti on i nf @uABktlyOBtiEedicd aR@LpAdallyR&icAISacroRHtRE afifre whdta iR pisdexes,

predi ction directions, or other information) used to code a block of video

dat a. Pr edil®940bd hicdine brEer way mgludginsenergtieat may begicresaed bif e rideosad et

nei ghborin I ' Rl ' ' . nej [ .1 0

i nformati oﬁwhlgslﬁg lsf) ?alf e]% 1%?}‘?%%%? %S’EPEQG %u())vg% 'f@f%%“%ﬁ%?ﬁgontlﬁg’% g)ﬁ & ner ge
node proce&ﬁ&&fﬁgﬁg&ﬁbﬁﬂm&%byekdaﬁwxy2@%%&&&&8Gﬁﬁﬁabuszﬂﬂﬁﬁﬂ%?@gﬁﬁfn[0039]
I n any case, _ prediction infaormation r e stor to a so-c ed "line

buf fer," sénforEtl nﬁéat&aé dhedtiglhsst P‘HFIG% b%@fcrﬂ%seié%%wdén& oﬁlaﬁ % BY Wice
during codi (t I : i - Lhe: i § an
intra-predFggpgﬁkﬁgﬁgﬁégﬁﬁgg%ﬂk%ﬁy?ﬁ%hﬁ?%gﬁg?mgyﬂﬁﬂPgggggF@?%e?%f%g-coding,
t he vi deo dmdénffomy sdorte keapt thorize of thervafficoas sneallas, poswbleon vect ors (nvx,

mvy), refer icture indexes (ref idx),.prediction directions_.(inter
) o BTG Rher S TS baE bRt s S TBRF Bixhay
store predifgdnh APt tDGT MBbIsULiRGSAREREM WnERag, B Rt Hf ek EaPRSIdEPNEd
above a block or slice currently being coded and typically extends across

t he entir e inihgtlnedhuffehelspinstaases. 1h 0onopxapmed, binskhof Yideo daty as srodllisfedxtenor y
that nmay be.accessed Q%4the videf coder . Thellinﬁ?@u{6$? Jﬂ%%. trkke a

bal ance’ betRLHTRLPS B1S g SBICHP TSN T AP SF R Pon POF | A0 RN QYR &, whi ch
may be a rebat(8ophideopi@e imiiisnds ninydiatas biveds bedfepikelg AcadimiyoF
information that has the highest potential to be accessed during coding.

That is, i mrefesHonaniomppiéan issiergd fofeachdaeck ofeddeordatys ayddag godedney bon
informatio o) t i I W ep the size of

t he bufferqgg sﬁgfﬁgggi%%%%?BF%E“%@E%T?B t&%&%ﬁfQ@%ﬂ&F egkfesolution and
the wi dt h ¢0042] diescdha@iques off this disehddare gdhefilyetlstefto dimiting@htrethacihefhe acr oss a
given video frane) increase, the anmount of da hat | tored in the line
buf fer al s@MOyEtFFedictiqnyin, “%&gfﬁﬁll Ieeég,h%srlagﬁa@%ﬁ thgt ldia?fa%%iéiuaggsm | as
4x4 pixel s BaYoDEHSEEHIO RGNS Rifd HeBictiOR i RARRI Sho R -JIAMLAGO pi xel
pi cture (ng.,gfo? 1086%’6ide0) na§ %ﬁ%lﬁ&e 55 many as 4%5 blégés %f 4x4

pi xel s. Acdbrolts miey codifig prcedtemgtblank, innfoorerextimples) svidtocating devieamhy bl ock of
vi deo data,, a video caoder. e required to. store a.relatively substanti al
amount of - dstai FewEeoralRe v bt oEn Breci e SRR e b ER e TR osur e
general |y nedRb.erd &héd dKabiplg, £1idE& SIS e iEleEmATBHMBIMIAE pRUARSLA i BANation

i nformation fron1ne|ghbor|ng bl ocks that is buffered during coding. For
exanpl e, r dekpdront dagniroiangbpyeteighbasmg v hettdndnwben tigouwacridiletkisri ng

bl ocks when i a,current.bl aock, in me exanpl es, . a,vwideq codi devi ce
maydot er mHE SRRt SUEH TR S o BT B BB R BAPRRRRRI SR from
| ef t - nei ghlgydinyHENAC Kstandafd &t iafgcea@diigamit (ROU)0@0d8a6hidddn @edtce detaBly
determ ne prediction infornationg%ased on data from an above-nei ghbori ng

bl ock, but bslem). siidesych psulrblock dpesnas brrdes anptherd-GY o Akvagietyfiodhier partiti on
(e.g., ref ' [ ' | Gl \j L ng: (: (@)

St andar d_ adeiabg ek ReisRTedBRLE, Al phgfe Siod GERRK ol HRABEMIGHEE D,

bel ow), andnforatica thaths bifbekd doesg nidto badider anot her LCU. A variety of

ot her techni ques, as described bel ow, nay al so be used to reduce the anount
of predictive information that is buffered during video coding.



WO 2013/ 012867PCT/ US2012/ 047073 9 [0043] Limting the anmpbunt of data that
is buffered, according to the techniques of this disclosure, nmay reduce the
conpl exi twoassnuaeswtzed wi th codi ng video data. For exanplrer/imspeotm7of this
di scl osure may allow a video coding device to buffer |ess data, thereby
reduci ng the nmenory requirenents associated with such buffering. In
addition, reducing.the |ocations fron1th%%@£rediction information is

derived nmay0f4dpladbEingihe apguriedidalg thatas by agerarling to Hiederimisties ofdis
exanple, t nj J ,Scl -' e i ove
arsi ng' ¢ hroSsRaa Tirpale] e tomrfi T ekl fed B Db BT o SubRE
t he vi deo dspatsnethibdisplssedndyeallpw, a vidao cadiog dedaetotbader kscdataithgeby a

articul ar rsin rocess (e.q., wavefragnt. parsing). In sone. exanples, the
ar si g pr sbbiebe s Berar et ittt §oegelrdru SR Lo Bbin laratioBar s g one
or nore | n'r@dt%{%gl{%cﬁﬁ?lﬂ-frofrﬁalhwgl%édim @forhfatibn [%Eivb(ﬂﬂla BmBrovki C€) -

Parsing the L may allow for the video coder to formnulfiple processing
t hr eads ( e.cgtrppy endipeficicaty pridorgbmivabput. Wot ¢xasmdd thateelzdqueseff tds ng one or

nore of the.parsed L . [:004 e to prediction,inf ti on .dependenci es,
monever - BRI R Bk Gt e ERL, SHAERERES ror
be optimal réiveaadial Jigo IdOE @SSVig @R hiagdkipaRsd (&01 read anPh&ymentdd) r st

t hread may depend on data processed by a second, different thread, which
may cause {ReOTEINEde a PATICHT PYSAIPIOEH (o18-tWeveHeriardsingk dagomasxgnpeessed
t he dat a. L: ' t O ' a dat a
IS useful,I%%%“%ﬁ%ﬁgghgIh%fgsﬁggggéﬁﬁegﬁﬁﬁggt éﬁ%@ggﬁmﬁ%%§@%§gaﬁgﬁﬁ%
wavef r ont s inidaMLAE0 (€Qoar uppry aisd/omleftandso € Udiataaslio€). Pakdiigthe (€1 may op)
wavefront. That, in turn, nmay cause the next thread to stop, which causes
the next tﬁ%l@é(cfomegft%ﬁpogﬁdoé@nbﬁl}ﬂt@% Rores gt RIS &difet PBH IS nf or mat i on

dependenci aoccaG60! dhidaditntdl iRIRFRE 8n0f hBicbriSEhaaeys one thread

sl owi ng down w hot i npact ot reads bei ng ocessed. Wth respect to
par si ng, t ho&tdirdargo phatlictiohenfoanstérm dependdneics osaserd ogsimtireats athyt e

ref erence ot her, t hreads, . bu operate inde dently for each thread.
(60451 e B et aher i, MO POt RO T PER G LR s Pt | an ¢ U
currently ta?bmms@g rie§arna9§§5h%mqgemhwvd@peh@Bnmgw&aque@sealﬂycaesecaﬁd,h one or

more LCUs of the slice positioned above the current 'slice. I'n this exanple,
pr edi ct i on diffgrontrthtchdrvliioh mepdiurg thhbrst threadrio wWadwnthihelsecanddhigdébas n an

upper nei ghboring,L .- an LCU positioned abgve t rrent. LCU). That
OPe g s e st T Ao A o B S e TS Eisor ome o
mor e val uesiséfal, @nd tHeRtthad4s Bliodéd. O tAB RS of B&iicatonal ok et viddo ddaer | i ke)

of the upper neighboring LCU. Accordingly, the current LCU may have to wait
for the uppeay &V ghersieidaly af@Uimsoleige teRdudvoienbr Ehat.HB twar mancausethedirt be

Co, B RO S0 T, SRR, PPS L oo
Aspect s of pidiigioniisformstisreddpayddaeics,mekendint to dhd speadufhisdistiosiependenci es,
thereby e d onig foormmil ot itmphct other aroads bamg procssed, Witk respect to

parsing, this means that the parser for the thread does not need to reference other

threads, but may operate independently for each thread.

[0045] In one example, for purposes of illustration, assume that an LCU currently being

coded is positioned below a top row of a slice, with one or more LCUs of the slice

positioned above the current slice. In this example, prediction information for coding

the current LCU may be included in an upper neighboring LCU (e.g., an LCU

positioned above the current LCU). That is, prediction information for coding the

current LCU may depend on one or more values (e.g., intra-prediction modes, motion

information, or the like) of the upper neighboring LCU. Accordingly, the current LCU

may have to wait for the upper neighboring LCU to be coded before the current LCU

can be coded. Introducing such latency may slow the coding process, particularly in



[0046] FIG 1 is a block diagramillustrating an exanpl e video encodi ng and
decodi ng system 10 that may utilize techniques for efficient storage of
predi cti omoi2ofsonesti on. As shown in FIG 1, system 10 i mClrudesi2a4®ar ce
device 12 that provides encoded vi deoodata to be decoded at a later tine by
a destination device 14. In particular, source device 12 provides the video
data to destlnatlon device. 14 via a conputer-readabl e nedi um 16. Source
devi ce 12 FAdllgeriorssaing dAplistiree fi&peﬁfﬁ@f dindisslewra mpy oF implgateddpge of

devi ces, ingcluding &?@Meﬂ@ e qg&%ffeﬁumﬁ%h%ﬁ% dtial £7 the dbBRE aps)anQc{ert ers,
tablet conput ers, boxes telep ets such as so-call

"smart" phmne&nmso caIIed "smart" pads, televisions, caneras, dlsplay

devi ces, rs, video m ng co vi.deo

Govi oo o 10Tt Blofh gt S Es it Habr e ds i GE 8T HEedRBs "devi ce
14 may be %QH&BHQQh&QﬁaMMﬂﬁE%&%nﬁﬁ@?ﬂ@bﬁﬂﬁ&@eréﬁQﬁﬁkmEEQBHE@hhﬁﬂnﬂ@%iCe 14
may receive the encoded video data to be decoded via conputer-readabl e

medi um 16. sBowput BIG.rle sxdédon ¢0 mediidgsn seumagdedont’ theepramyles gpoded videeli um or

dest i nat 1 oegorrdonned ikt B SMRORGS e R Rpl Moo LETRBRACRERITIAS mmy °

conpri se a dePBUDpEAidQRhdEdEdIdath & @ahitRnSRYICE408¥4 Eempdet RalldtAOISM t
encoded video data directly to destination device 14 in real-time. The

encoded vi deasivatlf. Fayrepdeviedld anddestoatinndlenigetld reayceswmmiis @ay Pbwwidaandar d,
such as a I r tion
ceorce 1, PSSR BT TR SRR eh SR ol QA ob Bl
conmuni cat icompurel, Blfmtolsb@)k‘esaﬁle@hdiﬁmaﬁdidtﬁmﬁmsyo—éﬂl%)d ‘spaat phonesssoone or
nore physi cal transnlsglon |.i.nes. The connunlcatlon g?dlun1nay form part of

a packet - b&aldef rratafio RIS, &leHsigRs. sameas) displaydoviachorikitel sodiadRla ¥ e y1458t wor k,
or a gl obal,,ReiNQSKoI8UG RS HEARinl gflfe%geértheml?e CAMEHRICGEE ] QB M FRY

include rodters, switches, base Stations, or any other equi pment that may
be useful taod tiastmhhdnadcsmmofﬂmmy baquppa‘drforrwsml@ss:@mieumcmom to destination

devi ce 14. encoded d y, be out rom out put
interface ié@&iﬂfs‘g]ﬂa& V’&S @éay TeeSHq 'glF Ief}COdgh ¢ Hga a@éi’g ﬁgﬁ})dﬁ@ V¥ccessed
fromthe s tceﬁ@gf%r-g@aww@ R Ryt Cbﬁ?ﬁfefr-@@a%ablyﬁ‘ed%}rﬁ N8 &Ry R ARY typacCl ude
any of a variety of distributed or [ocally accessed data storage nmédia such

as a hard @f mediunBpydavage apsle of DYDeg tBDerRON vitlbadita fonpsoprcodsiviseille or
non-vol ati l e ot her sui,tabl e

R A S LA S SR R R v
WO 2013/ 012586/ meuk(idsnd0 h?ddﬁﬂﬂ & énable wafdkeRPRBA2 &@transfrm{ écoesdeide®batanot her

i nternedi ate stor%%g device that nmay store the encoded video generated by
sour ce deviditectipto ostinatiqndeviae dd i al-tmendjic secodsd visicp datg maydeo data from

the storage, deyi&ea ‘é}nadng {o%%ﬂﬂmﬁéat%%‘éw ag4: suth sfaleJlFel%Q rc&%mﬁ?c% ibg any
type of server capable toring enco 3vudeo ta an transmt I'ng that
encoded Vi gestoctd} zaldttfantsﬂn‘&tedestiemmhnmndaew ke The. compaunitaiohinh&lige hvgr s

i nclude a web server (e.g., for a website), an FTP server, network attached
storage (NASPPHEMYekIrcleys of wigdgommmucaiionypediypasyuch as # suliqrivaucacy Riay
access the ﬁél;%ﬂ‘?&'r dﬂe%%&@@ﬁyﬁ&rl %ﬂéﬂu@ﬁbfn ﬁﬁe”sn g%&%ﬁ&%ﬂ%ﬁi&?m
|nclud|ng an I nternet connecCtlon his may 1 nclude a wrel ess ch annel

(e. g a Wletfan pmnﬁepadkehba,sedmvvmeld sednaseciocdrardanagworkDSkwideaoh ectwodem
etc.), or a co ation of both that is suitable for accessin coded

" Geb’ dat a 05 QI BrivaT ek BS R BE ot Bhe ok Ry St BT G eenReRoF deo. dat a
fromthe stgia@esviehcs DafBytatsdorsnt S egu gﬁla StAtS AR usdfifd vilcAAste
transm ssion, or a conbination thereof [004 Thi s di'sclosure may general ly
refer to vwd@mn@n@@d@ﬁoz&wuymgwamcdgtod@ﬁm@ﬁmldmm@whht|on t o anot her

devi ce, vi deo _dec der 3 nderstood t hat

U deo: encodli A g¥ b5 sERTRS easde it aHY u DS TP R R BRNEL BT o

el ement s vmstdﬂage&relvfws Sﬁﬁﬁﬁﬁe dnduel ld@tlaSn@fbeVdcd@Qe(ﬂﬁfbﬁ thd ftatagt Hevivé B0
encoder 20 may "signal" data by storing certaln syntax el enents to headers
of vari ous I Jeedagsorihe siesagstdeyicd eydaelade ay efgnerichsefdistgbetpd ey locatly

el enment s e t t 34 or
file serverxgggﬁlﬁf &88%@§%9%68gg%g§@g d&ﬁ% ecg%hg %gﬁ@?%gj g@%%;r 30.
Thus, the tfastinesiogyablanids’ ommy-gdarde alcmory,ef any dthet higtablendigindl s@idgen of
syntax or other _ data for decodjn conpr ssed vi deo data, whether such
Sommuni cat MHFbIE SIOENE Angasf V5P arlh p AWIIY KRB, fgeéﬁoraéze SouieC H18Yt i e,
such as m ght occur when storing syntax elenents to a recordi ng nedi um at
the tinme of encoding, which then may be retrieved by a decodi ng devi ce at
any tinme after being stored to this nedium [0050] The techniques of this
dlsclosure mhlch generally relate to eff|C|ent storage of predlctlon dat a,

S L 1 o g



WO 2013/ 012867PCT/ US2012/ 047073 12 or two-way Vvideo transm ssion to support
applications such as video stream ng, video playback, video broadcasting,
and/ or viweaotzlieghony. [0051] In the exanple of FIG 1pcsaseae/odmvs ce 12

i ncl udes video source 18, video encoddar 20, and output interface 22.
Destination device 14 includes input interface 28, video decoder 30, and

di spl ay device 32. In _accordance with this disclosure, video encoder 20 of
sour ce deviceEespongfa G Her pharatlerifeupisiiate stopree derise flabway sforgBgi ng
notion vec } Lo i pLd ] [ si ons,
such as nu%?ﬁ%kg&g%%%%ﬂgggﬁg?ggﬁgfg%gPéS?d%%&?@Eg§d§E¥£%§@%%g&§ﬁﬁﬁ%§Eer
exanpl es, aidvouhtefraevheceompddevickest isttedniog oddawtleadrayhd fikelsader otbde

conmponents or arrangenents. Far exanpl e, .source deyice 12.may receive video
dat & from 4R STES Ry fgade b pERE Theodsd deq dataand pREiine sngoded

Li kewi se, degbidaalhh Q8¥hGRNIEVIRY 41 TREMHROA Wk Brs @b £5/8RkerdigBlay
devi ce, rather than including an integrated display device. [0052] %he

i |1 ust r at edosy wtlesite k. @n ¢TI PRicGer, Inchgorfrettethed srosagex(@ifdd JaleviTes lon i dpeab diklor
efficient storage of .predi.ctipon data be rfor any digital video
encodi ng. antirer PaueuuPhactEy] DY AR DR e MR R B Y RS L e
di scl osur e dafaeopédiion MeubganTh@art EaEReEtdY TEYEg inditR 4 WEEBisHhesndIay

al so be performed by a video encoder/ decoder, %ﬁgically referred to as a

" CODEC. " Mi¢-8o¢dVi-Fieanedionhiaguised epmnedijon (gigs 1Y s gplde moglen sl6 )b der f or ned
by a video CB{D%H{a%%%’ th t gws‘%ﬁaﬁ%%ﬁa‘%c&%m%h’%ﬂcﬁc%ﬁ iR a2 stS'I%E{'oﬁ% g are
nmer el y exanples Oor sucC codl ng evices I n |1 C source aevi ce gener ates
coded vi degeat. al Heotrarismavsiom o shauilctl @idiestatanfadrh thie depedevide mhybsame

exanpl es, devices 12, 14 nay operate in_a substantjally sy trical manner
such that SHeHNGE tgayNeEen dovoqd EanaBssianghe eprabiarting Bhgotiecod ng

conponents. B = s WY V|
(00D GSis BYFS elrélﬂpt%%r'é]t_o4 91?1%0 gﬁé,/od?f 26 Vﬁ?%‘ggﬁé t4&h

ent s s ﬂqu -
transm ssi on between video devices "12, , € or Vi tream ng, video
pl ayback, vinfdeoatimoacdoarhti dayiceosuchiadealed eleepleodd.. It[sBOB3 be Vndestosdur ce 18 of

source device 12 i.ncl ud vi deo. capture devi ce, such as a vi deo
canera, o VOHSETAENIIES Risaas 70 MEY HERY TBGENs It drse B s Ean NBRSy

vi deo feed cldM&kf REEvERUSRAEINE pPoHERQ of LRIED atd ABE SONIQEncBAQVIOdREy AS @
further alternative, video source 18 may generate conputer graphics-based

data as t hésigour detaydemingmertainsyntok skemicats toheadopeofinations crnodéd pertions deo,
and conput er.- gener at ed vi deo. | n .so cases, I f video urce 18 is a video
caner . sout EeRd0Rcan MR uaeT R roc aeUs ey B Ry SR b es R ad o
canera phor@sedio sWre@OmBMARES! orAlc BENE 30) peioaMeng REVRNEInd ddeedddashni ques
described in this disclosure may be applicable to video coding in general,
and may be Vigsgldeeeer 40wl by, dsterm dyisnaligr ey asperbatafenis thy ¢pragenicatipde, t he

captured, o‘f“%ﬁ’t&’%@! Q&R /d&%%%gzt:{o%ﬁ%gsggd video data, whether such
communication occurs in real- or near-real-time or over a span of time, such as might
occur when storing syntax elements to a recording medium at the time of encoding,
which then may be retrieved by a decoding device at any time after being stored to this
medium.
[0050] The techniques of this disclosure, which generally relate to efficient storage of
prediction data, are not necessarily limited to wireless applications or settings. The
techniques may be applied to video coding in support of any of a variety of multimedia
applications, such as over-the-air television broadcasts, cable television transmissions,
satellite television transmissions, Internet streaming video transmissions, such as
dynamic adaptive streaming over HTTP (DASH), digital video that is encoded onto a
data storage medium, decoding of digital video stored on a data storage medium, or

other applications. In some examples, system 10 may be configured to support one-way



13 pre-captured, or conputer-generated video nmay be encoded by vi deo
encoder 20. The encoded video information may then be output by out put

i nt erf acewd22omniigsea conput er - readabl e nmedi um 16. [ 0054] pCuorgsadien4Toendabl e
medi um 16 may include transient nedi a2 such as a wirel ess broadcast or

wi red network transm ssion, or storage nmedia (that is non-transitory
storage nedia), such as a hard di sk, flash drive, npact disc, digital

vi deo di scOor vaaayﬂdﬁ%t@nsws&@p i ﬁuRPBFFﬂ@PBWUPB%é}&BIaé Vfé@ﬂﬁﬁeamlﬁgsﬂﬁ@)

exanpl es, 2@@5%pgﬁﬁ§%h%%£ ol XP%E§EIVG encoded vi deo data from

sour ce devi rOVI ?he enco data to destination device
14, e.g., \0@51hén whmrd«ampbsrtsfrﬁ@s il osourcSi d%wicaﬂ R ynclades onjeatsbmge dewided of a

nedlun1product op.fagilit ch.as a disc stanpin ility, receive
encoded vi HPABE% FAGHLY nGHRaas; -G gn b alde ERyimaet e afg t he
encoded Vi deRodRb&er fb‘%{n%fcﬁ’gp@ay FLARUDE T %é‘c%@'@é?ﬂc@wf%%ﬂé Qﬁs%ﬁ)sﬁi%}’vﬂa@o
understood to include one or rrore conputer-readabl e nedia of various forns,

in vari ous cesaieple of squagsdividernigunay b emffigueed28 apifly destethmaques fordedinge 14

recei ves infarmation ut er-.rea nf or tion of
oot or - v Do R I B TR T T RREO R TREV b sh SRRt Sheiby v o
encoder 20,myiviet drshraé-gimatsethabyidyd @mp@;@@ﬁm 3fh oth&redxampfds Udl@sirgy nt ax

el enents that describe characteristics and/ or processing o bl ocks and

ot her codedevise prd a desjinatiquateyice mayretude gfhgr compenentsios @rresgamecnteffrs to a
"coded uni t Eiarﬂﬁle solﬁ?c}etdeg{ceqatrﬁ‘aﬂ I%?élyg{ﬁqgo Hlt't%tﬁlop;i $h Q;lt&%léls\ngé §0r{'1 slice,
or “tile. us, the

pi cture, coded unit s oul d be
under st ood stich asreml ax&enmhmlem Eled:V@l@fKSjﬁstﬁlagon devitd i phay limedastwidosi ng units
(LCUs). Moreover, the term "coded unlt shoul d not be confused with the
terns " codichtymhaisplaydevice.gathgsBan fnelydingan lﬁ%&t%@ digelgy devie2 di spl ays t he

decoded vi a di spl ay
devi ces Sugﬁ&g@qgééggmggg%gg?nﬁgqﬁﬁ?ﬁ»P?q&ﬁH?SQSP all ?sggﬁﬁgﬁkﬁﬁgi (LCD), a
FIasnafdhsmﬁﬁymugmmq¢gﬁmm@hﬁugh€y§mnybepgﬁﬂnmdgy@ﬁyﬁﬁmﬁﬁvm%¢am§MQ@%8nother
ype of dis evi ce €0 e and vi.deo decoder may
oyt ate accBial AGIeyicdoa oM hEMeraNaas lrePUaER oflhit ABRRGRH f 1 ci onsy
Vi deo Codi rfﬂﬂ@@y §¢zﬁ@6‘@1&é@>dﬁfg@c&6%|ﬂﬁe%&ﬂﬁ queeme 91@868 erf@md Ya QY Or m
to the HEVC Test HV). The | atest Wirking ) C, and

referred t @n@cgieﬂmdvmym@dlmrn@ﬂ'@éto as 5" GOBRECEb Maorf:mmm th@ tq@hnlques of this

// ph fr/ d /d 11/ JCTVC- 1 1
003 v eTdiitay Hsd b b e D AR ORISR B M A e e -

evry.fr/j C%ﬁﬁﬁtl@lﬁ‘dﬂd&@ﬂl %W@b&é&p@@ﬂﬁ%@dﬁ@ﬁ@\d&1&11&1(1811 Y&uwrdd p, both
of which are hereby |ncorporatedGW¥ reference as if set forth in their

entirety hdgeica 12 gmnggeseaied seepdfaispyamnssrarte deatingtioa dages V&1 In sopedeo
der 20 t
encoer 20 Aol ARG ACRONaT A R, SPFLAE,ABRELARGLA MIASE (RE0BKI ot oY

referred t @adﬁoﬂ\&ﬁﬁemz Ralrihclhifle viddy amoethg\Andelecddink agnfoidhls, Huhcext ensi ons

of such standards. The techniques of this disclosure, however d%e not
linited toSAHGMIAMPACIHPRPT OBEWAY 08 PMeraw I ideer Fapmissighbrecc i ideo dis¥iceb di ng

standards ijpc|Hde, NBEGIZo sRAnlidIViddoqfd back, video broadeasting, or video

telephony.

[0053] Video source 18 of source device 12 may include a video capture device, such as
a video camera, a video archive containing previously captured video, and/or a video
feed interface to receive video from a video content provider. As a further alternative,
video source 18 may generate computer graphics-based data as the source video, or a
combination of live video, archived video, and computer-generated video. In some
cases, if video source 18 is a video camera, source device 12 and destination device 14
may form so-called camera phones or video phones. As mentioned above, however, the
techniques described in this disclosure may be applicable to video coding in general,

and may be applied to wireless and/or wired applications. In each case, the captured,



[0057] The ITU- T H 264/ MPEG 4 (AVC) standard was formulated by the ITUT
Vi deo Codi ng Experts G oup (VCEG together wth the 1SOIEC Myving Picture
Experts Gvoup1ydvB¥s®) as the product of a collective parroensbhep/oknesn as
the Joint Video Team (JVT). In sone aspects, the techniques described in
this disclosure may be applied to devices that generally conformto the
H. 264 standard. The H 264 standard is described in | TU T Reconmmendati on
H. 264, AdvaFCEPNRES coBdricg eerrratgd wisiep aaygicnepdeddly vddsosnerder 28y Thee | TU-T

Study G ou - ' : jn.as the
1 264 st andaedtg ARDIHMELER p L HRn LG FRbuRR BRI Lok R Rl

speci fi cat iremlablEheedhanrib. Vi deo Team (JVT) continues to work on extensions
to H 264/ MP VC. [005 The, JCT-VC i s rking on devel gpnent. of the
HEVC ot and VST Fm ey b B B (S Mt S SHogt M BOBIV ng
model of  apybfen: epdiRg n@%@ﬁaﬁ&ﬁi@sﬁérﬁ% L@rae rhdiga (ikYGs, Issirallidgl (HM . The

HM presunmes several additional capabilities of video coding devices
rel ative t otosadesnédig), sievhiag @dhaptdisk,dlasky dtivg, cemgagt disEUdigite, vAdety AMC Blwory

| e, . 264 ' ine intra-predigcti di des, th
oy pr oo s R Rle PRl R o s B e RO i rodes.
[0059] In gr&whahay tdaeiviendddad vited @htadforh BeurtMidescrd Ariroiat 1t ocnceea frane

or picture may be divided into a sequence of treebl ocks or |argest coding
uni ts (LCUyVidoRatats taciestaatipodeviFeih candvie hetdioak Banspliesion. yinlaly.data within a

bi t stream | pe . i - : ,ch i CO it in
Cerms of t ROTRIHLIRaE & et S8R meliflleh & RE SRR CRRNER e

t r eebl ocks rédeiveamhicodrdoridier datAfrvindeorcpidetive €2 anrg ploduged disé cengidingnh® one or
nore slices. Each treeblock may be split into coding unitfs (CUs) according
to a quadt ﬁ@%‘?defich{fér?éFaalT,heléef%fﬁa%ﬂm@%erdﬁﬁ%?b PEERT B My psrdersiord Rode per

CU wth a; 1 I l; . i it into
Four " Sub- oUlets AR AL EERRATCI AL Okl HVERN B me i viidd xRl L
each of whi[@0b5 dnpe spportas A8 fakeaimafion Hevisaib4 Ldsive§ fiG@]atiba Clonmaohepuoér- t he
uadtree dat tructur rovide syntax data . fqr the corresponding CU.
B o StdlaBl Eiith S e Rt En R Fo PR R s glelfunt P& Ry g
2013/ 01286%[¢Tk HW98RdatioA4EAd R BypvidBelbk@dlibnmD, m&mf@ hlsh RGed By ¢iaks 8siR@Adi ng to

the node is split into sub-CUs. Syntax elenents for a CUmay be defi ned

recur si vel Y0, thadinalyesdepearidlancnihidehdasctbrech@raciesisged dnd/drprecestmeg gUs. | a

CU is not lit further,, ikt is ref ed as a leaf-CJ. .l n this disclosure,
Four sub. oot ahd PEFeade fpie g SOBE Rl i e tlis e B on
there is noceidalun@ s & Rhit of iag ivfudifemartiplé Blatkd, eafh-44d.slit@pi@xanper if a
CU at 16x16 size is not split further, the four 8x8 sub-CUs wil| also be
referred tovaysfrpeafardly Bhushthgdern Tredadwnis’ shoulgds undgistood gp include

multiple blocks, e.g., multiple largest coding units (LCUs). Moreover, the term “coded
unit” should not be confused with the terms “coding unit” or CU as used in HEVC.
Display device 32 displays the decoded video data to a user, and may comprise any of a
variety of display devices such as a cathode ray tube (CRT), a liquid crystal display
(LCD), a plasma display, an organic light emitting diode (OLED) display, or another
type of display device.

[0056] Video encoder 20 and video decoder 30 may operate according to a video coding
standard, such as the High Efficiency Video Coding (HEVC) standard presently under
development, and may conform to the HEVC Test Model (HM). The latest Working
Draft (WD) of HEVC, and referred to as HEVC WD?7 hereinafter, is available from
http://phenix.int-evry.fr/jct/doc_end user/documents/9 Geneva/wgl1/JCTVC-11003-
v5.zip, with a more recent version available from http://phenix.int-

evry.fr/jct/doc_end user/documents/9 Geneva/wgl1/JCTVC-11003-v6.zip, both of

which are hereby incorporated by reference as if set forth in their entirety herein.



[0061] A CU has a simlar purpose as a macrobl ock of the H 264 standard,
except that a CU does not have a size distinction. For exanple, a treebl ock
may be spWot2ointiessfour child nodes (al so referred to aspsuhs@iieps7oand each
child node may in turn be a parent node and be split into another four
child nodes. A final, unsplit child node, referred to as a Ieaf node of the

quadtree, conprises a codi ng node, also referred to as a | eaf-CU.  Syntax

data associdicErativelynvidee chi ard vden frepdereXtimey %p%ﬁsz@?ﬁ%hﬁ&ﬁﬂ)@herof times
a treebl oc e may al so
define a mlbﬁ%u%rtn |0 ggdg try gﬁ(%g(([:ﬂ %lgcth(r)% sﬁ%)gg?gﬁtg ya?&g‘qtgﬂag?gﬁam may

aI so defi neehrrsal‘rm dsd‘dPEGeleraq In At v{rsell)V.idebhCedinig &V@;,mrexmﬂﬁensdfsutler m

"bl ock” to refer any . of a .PU, or TU, in the context of HEVC,

Sl ar datHSE e e S e e T P 4% ARdapGe {piny particular”

macr obl ockgoging seiBak! aoHSr éﬁ‘ﬁ{ﬁ&foﬂvﬁhe@ c%@ﬂfg@%@hardmcﬁﬁé%PEGm §ndjl’1~°tﬁ| osure
may use the term"coded unit” to describe a predefined quantity of video
data, whi cH IH&$3i nclude two or nore bl ocks of video data. That is, for

oo, a cdTOSFETLh DRACFUPEG SvRurkaiGnads Tea e ot e SNy
vi deo dat a.CotafOEHeRg Group (r\ecE@} f@geﬁh@ﬂ@ﬁh Y ISO/HHOMdinpaticle: Bgitiwsed with
the ternms "codi Q&Punlt or A CU includes a coding node and

predi cti on Grape SMPPGY ps ﬁwmmd@h@ﬁfbe ey RArPIBip lenpsacisdhedping Yidee he codi ng
node. A si f rr 0 i nd nust be
square in ?%a%e W?ﬁeﬁ%@% aggéc?shg% %ﬁ)gh%@l& éi%&g%(} %ﬁﬁ (g&ﬁ&gléﬁ%g)ﬁtﬁgt o the
si ze of thappliciebldecikeshbhgeacihiblyiconformfto M%zpsm&dl&d OThgHeHMatandmaickh CU
nmay contain Oﬂ%ggg} more PUs and one ar nt ax .dat a associ at ed

with a CU H&sF T Resommendption H %ﬁﬁ\gwglﬁug%& Goddingdar B%iCone or
more PUs. Paalbbfsgagb GkaTTdlEtfc TRY- 1ds€ufd9rc;r %&aa\gg%&ﬁa{ 2005, v@&fcﬁglgiﬂep or

di rect node enco predi ction’ node "encod or ‘inter-prediction
node enc odeeferrEtlUm htmgm e tlmafﬂ 264 stondatd bon%4rspne1ﬁcp,tmmeon the $h#pEieA VEy nt ax dat a

associ ated w th descri nple, partitioning of th

"to one ortandi SroRecgpl Nb° TonGY dendranee A ChuTiugd Kotk Shpisrons

non- squar e ¢ €. H4/MPeCLAAYYl ar) in shape. WD 2013/012867PCT/ US2012/ 047073
16 [0063] The HEVC standard allows for transformations according to TUs,

whi ch may HeOS foh@rJ@FFtV(f?@?Wdﬂﬁﬁ&@ledﬂwt@lpmenﬂ'h%thﬂ'ﬂé?\é@ etan@qmd cah¢ PENGed based
on the S|ze of L ned

a thougn « nSsrargh “odhgs Bt na SEh TR Fo R PR Chin B AR 6 ity

size or SW%E@!he‘HEW\CtIBﬁ Nibiol (HM)S TRE HBV LSS sdveRil d&hﬁho@a aflitics of
corresponding to a CU may be subdivided into smaller units umgﬁ% guadtree
structure Wi odg derisPHightive iR existingedeviqReycordipg tq, e #f. TREHE & /AW

may be ref l ugs

aasoci at od oy Ry Srb ATE 200 Py lek e I proHlchEh ol L A0AS, B

coef fi ci entnsay pabiidb amymiaes thlﬂﬁ}nthréeaﬁtra{p@&ﬁéﬁonknb@@ﬁg ﬁiddasay i ncl ude one or
nore predi ct| on units ents a spat| al area

a PUTr S
cor r espondil AN 6naﬁner%irtha%klﬁlgéw<§f ﬁ}@@éﬁ?@é %@%V@@) 308 FFRIFYRC| ude
data for r V, | udes
dat a 1ol at S R Gk ey g By BT E e
data for t hettFumaamd shronmciaughb. Srynaxrdasuxdnﬂah adnutatﬂ@anemayla@fh)e; a whae &dr thay
i ncl ude da escri bi an intra- r.elctl a Tu corres ding to
the PU. Ae IEGoRarh Byifsed coineninfhie tostiol hefvaberShiaReic Adhs TEREEPY vay
i ncl ude dat@nfef biMioASecanee REcHIRKS 1rUEBang10M61CtAQ{I§le$ ?fctdr@%laﬁlﬁe phRgiodad a
defining the notion vector for a PU may describ or exanple, a horizontal
conponent dfitoohe opmorosiops CE@fh tr @@bl@ek riagy dic Spbﬁ“nptﬂmdtngdmﬂts lieUsbadcordingct or ,
a resol uti ?nafordt%ehe m)éﬂe? v giatagtruct ne- qua rsto%re i xel ec1t5| on or
one- ei ght h ‘PR S80S i 85T %u % FEtOF e o il g?lp‘f ’r’%]tl on vect or
poi nts, andéémode e&fr@wﬁtﬁﬁgmm&ureeolbﬂstlf@@tgls split fito four bmtscm theholid st C)
for the motion vector. [ 0065] A | eaf-CU having one or nore PUs may al so
i ncl ude onéoaﬁsmed@g e B19<F & inplugdes faur dpbigpdesTpachiof srhdehosamospands thage ¢fe
specified i @QRQT(aIso referred to as a TU quadtree structure), as
di scussed a ove or exanple, a split flag nmay indicate whether a | eaf-CU
is split ino@0fdach hodensftbe quadnict data birectureeashpion alesyomrdataifor ey be spl it
further into furth,er ub- TUs. en a TU s not split further t may be
referred t GOHEPANMBECTROGHEPI > pypodg gt ?ﬂwrdéreeatﬁwgc u%ﬁwrtlﬁéfageaf TUs
belonging to a |l eaf-CU share the sane intra prediction node. That is, the
sanme intra-prediction node is generally applied to cal cul ate predict ed
values for all TUs of a leaf-CU For intra coding, a video encoder 20 nay
cal cuI ate a resi dual vaI ue for each Ieaf TU usi ng t the |ntra pred| cti on

11" [ . Y b1 Y o —



17 corresponding leaf-TU for the sane CU. In sone exanples, the maxi num
size of a leaf-TU may correspond to the size of the correspondi ng | eaf-CuU.
[ 0066] Moweauewai128bts of | eaf-CUs nmay al so be associ at edpartus2eiespmas i ve
guadtree data structures, referred tolsas residual quadtrees (RQIs). That
is, aleaf-CU may include a quadtree indicating howthe leaf-CU is
partitioned into TUs. The root node of a TU guadtree general | y corresponds

to a | eaf - Ousticapevehethss thedal! cagawopding tetheqiodais wat génarmaf Ly esrtresponds to
a treebl oc stQP% | i r f @l to as
| eaf - TUs. :%}I&S%l%era F@ﬁ{lﬁg%gidéﬁzﬁeg?%—%hggl éﬁ{dﬁg%ﬁ%@r}g& g%“glfc\ efl'%legﬂ;Ur%gf er to
| eaf - CU andplitaafo-sTitCUeshadil walof splitrfigbe, ot retbratihenwead€ U | DOBR] A vi deo

sequence typically_.inclu er. of video pictures. roup .of pictures
(G " generblpuichfiyf rusC th L el Unihalo 5F ! et el el os A
GOP may ing h@@xpﬁﬁéﬁtsﬁﬁttiqgto?-tﬁerbr%ﬁm?éa?-’CIPTFdrk&al%; ifa (eadedx18fsiRNener nore
of the pictures, or elsewhere, that describes a nunber of pictures included

in the GOPspiEdutthel thedowf8xd spb€ilin wilhalyo bawsarcal tglap boef-Eistadthoadt thet hat

descri bes i ng mode . for the respective slice. Video encoder 20
typically ﬁﬁéfiﬁﬁﬁ%%ww&tm ocks within individual video slices in order

to encode tpg1yiAdeU hahaimilar\PudRRe B ©eleciMYockf HRSR QB4 stafdad Cadipghaade
within a CU. The video bl ocks may have fixed or va%]éi ng sizes, and may

differ in $§Zdogdwbhenarsizadistingyeni Fpeekagud. ndresblaskiaray bespegio fagr an

l e, the: it ' [ PU si y ' t th
cxampl e 1 DA TARRRE AT RGN PR AP P RS iy Tt e
si zes of 2hedNamt bd\bpiNt irad dndthérebupeheldinodew M finals ymsptit chikl fdde sicfeedad 2Nx 2N,

2NxN, Nx2N, or NxN. The HM al so supports asynmmetric partitioning. for
i nt er - pr edi®e BilGH NPFF @Uﬁg ﬂ%@r%f COPRBEIES @ SAHRDNOGR: RofreTaren 1ore aNeati (U

asymet 1i ¢ PALL! data0ili et PRfN Ich8GT biireth rﬁay%éi‘n% At xR ] RS Fripedi | €

the other direction is partitioned into 25%"and 75% The portion oIf][1 the CU
cor r espondianggeblock hay 2s¥phardfetrédto as s maxdinost €d doythamd'miy &led Hofweda by an

indication of . "Up", "Dgwn,". "Left," or "Right." Thus, for nmpl e, " 2NxnU"
refers to ANDIBINSEEO] FEEOREesRREd 1h GREHTHEr HEHFHN TS RGEHRTPY on
top and a 2bikg NitSCON PREUAR0sHRARN the Reriibfodt 36 F2&U6 ny oK NU 20d "N by
N' may be used interchangeably to refer to the pixel dinensions of a video
bl ock in terid), of theepnicstadf RRMChordimdan dita siruetiney ioribe cantext of odie 6 pi xel s or

16 by 16 pixels. |n general, a 16X bl.ock wil.l ixels in.a
vortical niskBHRsl s omashBou S R TG HEREARE) PViFooset P (-
16) . Li kewidaglosare misNidelthetergepedealunyt” hadesthibé % predefifedaquastifyl ofdidedi r ecti on
and N pixels in a horizontal direction, where N represents a nonnegative

i nteger valdg@, whisk mayiarkde fvaonmerablagsy ohaidepdata. That is, for example, a

2013/ 012867085%'2{ M&gée%zcgﬁ%iétgre, a slice, a tile or set of tiles, a set of wavefronts, or any

other predefined unit that includes video data. Accordingly, the term “coded unit”
should not be confused with the terms “coding unit” or CU.

[0062] A CU includes a coding node and prediction units (PUs) and transform units
(TUs) associated with the coding node. A size of the CU corresponds to a size of the
coding node and must be square in shape. The size of the CU may range from 8x8
pixels up to the size of the treeblock with a maximum of 64x64 pixels or greater. Each
CU may contain one or more PUs and one or more TUs. Syntax data associated with a
CU may describe, for example, partitioning of the CU into one or more PUs.
Partitioning modes may differ between whether the CU is skip or direct mode encoded,
intra-prediction mode encoded, or inter-prediction mode encoded. PUs may be
partitioned to be non-square in shape. Syntax data associated with a CU may also
describe, for example, partitioning of the CU into one or more TUs according to a

quadtree. A TU can be square or non-square (¢.g., rectangular) in shape.



arranged in rows and columms. Moreover, blocks need not necessarily have

the sanme nunber of pixels in the horizontal direction as in the vertical

di r ecti onwoRors/axsnpl e, bl ocks may conprise NxM pi xel s, patmarseoiloim7not

necessarily equal to N. [0070] Followéng intra-predictive or

inter-predictive coding using the PUs of a CU, video encoder 20 may

calcul ate residual data for the TUs of the CU The PUs WBYJ conpri se syntax
3

data descr (#9634 The ikt Yo dtapdardpdaws forgensiosnatips seeadivgite dUsi which e n t he
spatial donwgd d I . I . sw 1B

conpri se coe ??@f}éﬁ@g efefrlll?tqug' tT Elgg?fs’g% m@g%‘%ﬁ%&?&éﬁ%‘g@%ﬂ%&%ﬁ%ﬁt@gau oﬁﬁ%{f a

t ransf or m aegigen Cd ddfisat fer e peosioned LC&R sltlorugh (IETay nanhalwayefethetaasnsf orm a

wavel et transform or.a conceptually simlar tr formto residual video
data. The rbSiidiare BRGNS o vememal Bt s 18 eRess B heen pi xel s
of the U”e@%&{%@'sd}hﬁwé&re@?&dﬂ{%@'a@U%_ M8 givERU BB RARAENEhifsQsinbe PUS.
Vi deo encoder 20 nay formthe i ncluding the residual data for 'the CU,

and t hen t mandifesrstruttuee Kidsvit as “pesodhat euadrteass {RQM).c bke fepChastes of heR@he CU.

[0071] Fol | owi,n ny .transforns to u trapsform coefficients., yideo
boodr 50 TP aREA e BBRRIE il RO i ARG SN RaS phof B G the
Quant i zat i aUgaseb@trhnsforefeans ptodude RIMEREScderiddtts Rvifisamay B quarietd.i ci ents
are quantized to @ossi bly reduce the anobunt of data used to regresent t he

coef fi ci entl@064holeptiCHgmixinchde ose ApmershredictiqmenitpBRs). Zatdcaerapeddess may
reduce the _ji t i i r | of L1 chen For
exanpl e, an ﬂﬁ%ﬁggﬁ%\,ﬁﬁﬁg%ﬁ%@& eggo\gfg?\n%etgggg)\gm PP %iognoq%l%ﬁ%egg ljiéﬁ%ltjﬁf %\Igd

quanti zat i emy inllededdta ife rgtieaingra refeagncasarhplo 7@ thEPU. avbirgveu@RUiigadtudsn, the
vi deo encoder rra%)/eéscan the transform coeffjcients, produci n&ﬁa

one- di mensidgRdrialedde sredistioh FRECTAR @iRsALIOREIS Hsiermeds sepdrsh Agfadeie

quant | zed L ERSOLMARALILHENt Sy UG ARANRIAY, BFicHER ARGl dup! ace N gher

energy (an r ower frequenc coe ents e front of the
array and tdesquibanpean iowepraiarogym¢denidr § her @hnesgorlingterthd PEqderoyther

coefficients at the bac f .the array. | o] exanmpl es, video encoder 20
mmy Ut 26xanpleetBr fed C dteeraer Hesdsd i PRaTHARuS et e EReg Shnp

coef fi ci entpfork hdoAIUEBrsFoS BkiFAl | ZIRAINLEL M ing hRIMARA RBtof Réra0RY rrf‘a?c oded. In
ot her exanpl es, video encoder 20 may perform an adaptive scan. Affer

scanni ng t lesaibanior zxample.aaksfrgontatb ewnpanehieafitbe motibovester, svertidilnensi onal
vector, video encod 20 may entro encode .t he one-dj nmensi onal vector,

6. 9., hccorfIRgTE oL b TAMAEEE RS MY o G i g PR

cont ext - adgidl yrecRidhasonaleidhmpixt Cprecitiony a (ERRAEY pictird taxhieA#RImotion

cont ext-adaptive binary arithmetic coding (SBAC), Probability Interval
Partitioni W@CtEhP(?léﬁyaI{d}FlﬂrF?E)?fﬁ‘éWP PEFgE héhg’tgqaelrls i Py orekistid) %@th?é”ﬂﬁt@libl ogy.
Video WO 2013/012867PCT/ US2012/ 047073 19 encoder 20 may al so entropy
encode syntax el enents associated with the encoded video data for use by

vi deo decodei6s3Q ienf-gdelcosingdprictve nwird @Us dadyalsd ia0idd ondoganertainsfoihe vi deo
decodi ng proce erforned. by video gecode 30. may inck%de r.eci procal

t echni ques YHS fﬁés%e COYPRYOTR ERK HEese a&%fr&dméalgw KR h&pserregtdrio gpa
Al t hough ggner@ldide ek g?,%t@(lgﬁsc gsg&gocﬂ»%wg%xa%ﬁolw plit RaSRUE ildfigkances,

performtechniques sim t hose pertornmed by viS ehcoder 20. Video
decoder 30 wietheahdaf+(@) y5 sphit Bymfoax trehdomem tisitso Theh hewch dansdomontidimgdei n a

recei ved bitstream that f.ncl udgs, tg,dake deseribed,w thegpest Lo vi deo
as a leaf-TU. Generally, for intra coding, all the leaf-TUs belonging to a leaf-CU share
the same intra prediction mode. That is, the same intra-prediction mode is generally
applied to calculate predicted values for all TUs of a leaf-CU. For intra coding, a video
encoder 20 may calculate a residual value for each leaf-TU using the intra prediction
mode, as a difference between the portion of the CU corresponding to the TU and the
original block. A TU is not necessarily limited to the size of a PU. Thus, TUs may be

larger or smaller than a PU. For intra coding, a PU may be collocated with a



[ 0074] According to aspects of this disclosure, video encoder 20 and/or

vi deo decoder 30 nmay inplenent the techniques of this disclosure for

i mting woeosmessy of data from nei ghboring bl ocks thatcrassbubfoeroesl duri ng
coding, e.g., in aline buffer. For ewanple, video encoder 20 and/or video
decoder 30 may limt the anmount of prediction information from neighboring
bl ocks that is buffered during coding. As noted above, prediction

i nf or mat i oOFfaSPONMEE lepd-Tilhiar Ahgoraans €Fi &hsams Sramit s Hhe(raaxdmumaiizs ¢ftdyr a- co

.d' ng node) IQJ:T@MagngTQJ %h&@&fh@@iz@%f e’co%%#o%ﬂiﬁ}éqgé- SR refer ence pi cture

i ndexes, predictio Irectirons, or other infornation). According to aspects
of this di $6068d MecovatNes of lkeafirCUs inmay afrodati astactated witbresptdton qohdtree data

above- nei ghbori ng bl.ocks when. codi nq a nt_.bl ock, i one . exajnpl es,

" oo encodBRuB RtTEH 1y Picy ucbatr s oS ek P b e RS e

i nformat i oRub@sRdnSlatRIpARvE th 0L A QF PR diad fiki8 MU seHthe RE61Q0RO b AFLPI ocks.
I n other exanples, video encoder 20 and/or video decoder 30 may determ ne
pr edi cti on quadtorergenérelly barsesgonds td atlealfGlomwhite thb ovas-nodé ghboti qugdistock, but

only when the current block is up- bl ock a artitio e.g.,

ot orrea G PhES BemgR S a1 Rod R iy M QebeRES e Lt dar o as
a | argest codirB@tdiiltaf(tiGd) in RAcEE 36k HRedsird ugdsaht &imd eltridd bekewdfer tand
such a sub-bl ock does not border another LCU A variety of other

t echni ques lcad et lepbdl. epesiivelyaynlaissotadeothiggwiset o reduce the anount of

predictive (ghge=Ne LS f Vi - 2 [er video
decoder 30 [guri r%’g%%‘gge&t“%g&&t lgg%ﬁglé?%%élgkgﬁglgggﬁﬁ 5Sar@gl\%ﬂ§gg decoder
30 each nmayidiercs (OB Eiicedlyapnipigesod scdicy af o1&t o mbre ol tHeahtl® Eomeden or

decoder circuitry, as applicable, such as one or nore m croprocessors,
di gi tal si §Har M3y sradedeowataggaesy a hab%riogéhq SAP.earlen o onALEFIOR %@}Sl%i rcuits
(ASIGCs), figl e?,ro?g[s?ﬁﬂgfg,l B a QR &t a S beF B t)uresqtl@lﬁ&e%tiﬁ thPGDP, Ehiicui try,
sof t war e, ﬁ)ar ware, firmavare or any conbi nations thereof Each of video

encoder 20 shodofvd pletnramey detuddGlinayyniex datcthatddciibesanencsdimpmede fodlder s or

decoders, either of. ich may be.integrated as par conbi ned.vi deo
oreoer T vobuariveauegry il TR 2 BrEI0E b el oR3ies Moo Faopidpidiel
i ncludi ng Wig@eqliencadeler Dcddé te WiGERtHEL QRRE b_ﬁlefi%y QPP Indigo @n

g
integrated circuit, a mcroprocessor, and/or a wreless conmunication
devi ce, suchdiag nadewithinl aeUt dihepitsedlodkoorglhant fingdighvarpng sizewand magl G 1,

in sonme as%a#t Sy Vi deg (glnCﬁder 2(} ﬁnd Vi dgao d%coder 30 may each be
i nt egrated TH" §KC AU G et o (foglélgg 8?@ and may include appropriate
MUX- DEMUX 400483 .Astin xbhgle, HRMMVBILBpa st inintsaribes PBndce. antedhfithaef both
audio and video in a common data Sstream or separate data streans. |f
appl i cabl e thaviipe eiEpaxtigHan QU andNEdnfthe M suRpees intg-pedisBomin RY sizexel
pr ot ocol , I al.s eh I
Po077] F a2 2N IRl AR EpBlioftfy b HAE P SAUARGHAER MolE: 20
that may i MNenEnd Hvhalsé egipoits ugsntd@sic pabidning fohinsergirati¢tamuin @ U gzes of
ef ficient storg}ge of predicti gn i nformati on. Video encoder 20 nmay_perform

p

intra- and 208y ~REEP R oA 8BXBNo dk &SXRRTPFTIA P HIEBING) PrsedTectin Phe Ebdi ng
relies on 5padialitnedi wiilARe bhef §iFESn ¥ pdrEATHER SB35 And BAYNEROCY 1N
video within a given video picture. Inter-coding relies on tenporal

pr edi ct i on ppgionexfileeCbrcortespndinggoior 2% peditiod anogichted by de dniwfdllviwedddj acent

pi ctures of a video seguenge. Intra-pode (], mde refer.to any .of

Cever al - spdl i eHR8al LB iLeet ol dbage. Rikht er HidBe kgl a8 Rn0 et

uni - di r ect k@ paNxPNaCl hdt WpakflidHRd BbriSént PR RE L ONxOBN BUgads) andy refer to
any of several tenporal-based conpression nodes. [0078] As shown in FIG 2,
vi deo encod®x12N PEgwibptienyi deo data to be encoded. In the exanple of FIG
2, video e r. 20 incl udes. de . ect, uni.t 40, .su r transform
o ocesst ng 00T a5t yiERMIE NN i SOeaR et P R Rty 0 B0
reference phepidelelimendions 4. viddaddogehasimswTivertit@l addhdrizbital diffehsiggs notion
estimation unit 42, nption conpensation unit 44, intra ﬁredi ction unit 46,

and parti ticeh 0ile Piagls qrdf by lfauxds-obneane@biskorde plosk wilkihgew! epizelgér 2 20
also inclu - LNV anki i 3 ] -t ransfqr m essing
ani ¢ 60, ang SHAEEAg, B ATGL AR QRN B BB AT BuRGReEES! D0
be i ncl udedNxMoblock pererdllyoledks Nopixodan b esrticel disrtveald Ngiialems larizofiatt s from
reconstructed video. |f desired, the debl ocking fil %er- woul d i% ically
filter the d5GeiAM WOEreNATREFSCRYS 2 NRARFIAINR NI EBUFi ThepelsihaD gr%ary Bost

| oop) nmay al so be used in addition to the deblocking filter. Such filters
are not shown for brevity, but if desired, may filter the output of sumrer
50 (as an in-loop filter).



[0079] During the encoding process, video encoder 20 receives a video
picture or slice to be coded. The picture or slice may be divided into

mul ti pl e wodems/hbsscks. Mtion estinmation unit 42 and noPrcorusec@rpemsat i on
unit 44 performinter-predictive codisg of the received video bl ock
relative to one or nore blocks in one or nore reference WO

2013/ 012867PCT/ US2012/ 047073 21 pictures to provide tenporal conpression.

| nt r a- pr edidBengsd inApYs aEl spdymag.  Mprean ety Blogksyesed aphmscssseli biteaaitha 520 codi ng
of the recej i : i : Lghbet.i cks in
t he sane p?%%ﬁgg&ggﬁgfptggggﬁ?I%hévogEﬂy%q 39%§%E%§9g&%?%v?ﬁégggﬂ??a

conpr essi oblocks dey compaseNxRDpively, wkert M mmothtdepiaeilc oqliahtpy Wasses, e.g., to

sel ect an i,at e codi ng mode for each bl ock.of video ta. 080]

vor cover . B BobRv e baa e R eruCd By s PHReR v o

sub- bl ocks viRasacoRR 26 Ydlyaldufie REidREIRMOMS (RAFU §f RO CIY ma* n
previous coding passes. For exanple, partition unit 48 may initially
partition aopiposusymtayrdatd deseribing @ nabiusl oranedquergeneriatimg predistivg pixkkeddtCios i nt o
sub- CUs baged on. te=dLitor%§oH anal ysi s ﬁe.%f Qg@e;%}stortion.

opti m zat i Of) PANBE A B TSI Ao Hy P HABPThPUETED W AP L dat a
structure icpefficRhisve tlceftrmmrintdo@mimmmvi@g&ﬂpqiuaﬂmi& St fIels; ¢ beaf - node CUs
of the quadtree may include one or nore PUs and one or nore TUs. [0081]

Mode sel ectdisgrite copmerfeapsiemd CTona ipfegehisansédimg g waselsstransirpa obe i nt er,

e.g., base (e i sul i i -
nter - coded B Pt b SRS SR 8% JAE, RSB OhE FeorRippy
summer 62 tepixeCdiffstchuesbethengiitgsdetithblasicotiad pivtee asl gediefi@r edics pi cture.
Mode select unit 40 alsoéprovides synt ax el epent

r

! . , ~.Such as mtion vectors,
i nt r a- mode CPHETPCALIBELC thedids 1YiesP ?I}?Peffrr%m@h,for@ﬁge bR é@clgcis]%ﬂwﬁ%l%@? _
| nf o1 AL Otatal By BRICTIOMAATAGARABMTh{ TBR10 biOIRA] rdRIJ AN AL foPfhini t 42
44 may be hig '

and notion conpensation unit y integrate ut are

illustrated$eparately for conceptual purposes. Mtion estimation,

per f or med jqn estimation unit 42, is the progcess of. generati not i on
Dectors: bWl SelPriemigtraRiol whds Grsdrs RoRtratson o shet 10
exanpl e, Mayayi ReiordlRaktlatigh SPIRGRABDIm @befficiRhts 0 ANNIMBR A&l M ht a
current vided picture relative to a predictive block within a reference

pi cture (or nsedess incwliel trapifonm eedfficicnte ateouahidzeguie pessiblip reskike i angpunbeied
within the curre icture (or.other coded unit). As noted.above,. tion
Vectors g aRed fo BPESH S REABICT PEREDe St soBBrRos, L SF R Rhook | <
a bl ock thgkodess @y RdutOthelbasRbih d¥8dtdied Weth Rb@6 lor LD oPheCOEE@ientsn Hogr s  of

pi xel difference, which may be determ ned by sum of absolute difference
(SAD), sumcstmplgudy & biivelusmesyche rogndsd)dovgytogpnwepit gplue dueing gusrdizatiiens. | n

sone exanpkﬁﬁﬁe¥h; 0.:ENfQfer 20 may cal cul ate values for sub-integer pixe
positions of reference pictures stored in reference picture nenory 64. For

exanpl e, vi[0ER] dotiodars RAntiayiohthekjiieb @he déaide Scanf the rendforat t@ffigexs)
i or other fractional pixel positions

of “the ref ﬁ&%‘é@%@@ﬁ%{éﬁ%@ﬁ SpPEToRss bip-atemnant openis indfudig of
quantized transform coefficients. The scan may be designed to place higher energy (and
therefore lower frequency) coefficients at the front of the array and to place lower
energy (and therefore higher frequency) coefficients at the back of the array. In some
examples, video encoder 20 may utilize a predefined scan order to scan the quantized
transform coefficients to produce a serialized vector that can be entropy encoded. In
other examples, video encoder 20 may perform an adaptive scan. After scanning the
quantized transform coefficients to form a one-dimensional vector, video encoder 20
may entropy encode the one-dimensional vector, e.g., according to context-adaptive
variable length coding (CAVLC), context-adaptive binary arithmetic coding (CABAC),
syntax-based context-adaptive binary arithmetic coding (SBAC), Probability Interval
Partitioning Entropy (PIPE) coding or another entropy encoding methodology. Video



WO 2013/ 012867PCT/ US2012/ 047073 22 unit 42 may perform a notion search
relative to the full pixel positions and fractional pixel positions and

out put a wotwmmiyssct or with fractional pixel precision. pc@aB4412hptoron
estimation unit 42 calculates a notior vector for a PU of a video block in
an inter-coded slice by conparing the position of the PUto the position of
a predictive block of a reference picture. The reference picture may be

sel ect ed f CBFRAST 29 Py alsofcaprapy: engore syiHex elpments ppsoeiatpd with diesaeqsdsd vidsPer ence

proture 11 il sl b}r)vidmoﬁ’&ﬁmhg@cdaﬂ%@b@%djg'agtaor more reference

pictures store eference picture ne Motion estimation unit 42
sends t he ¢073lIagedrapthcondeoalctating proeedspepprestipdvidgo deviotle’5®) may not i on

conpensation unit 44. [0085] In sone exanples, rather than sendi ng the
etual mot MaHdREE ORI o T CPepd b e BHOWSIEHRIP o CLHE S8y
predi ct t heom|inglsly 8&cPllyt BeibchNeldeb @HMRr ﬁ(b‘ﬁlaﬁ,niﬁ%ﬁle%stgﬁkﬁp%@%d to
communi cate the m)%l on vector. In'this case, rather than encoding and

communi cat iteayniges smotilaote thesstperformedby videoenendere2q.i Waled dacadei 80 4Ry mbop

generate a notion vector difference (MVD) relative a_known. (or, knowabl e)
ot on veotBy onmRaE lstienfstrioBli S5 GMMRRA it Kokl S bt Rl R Bl D o
define the datardesiibeamiitonRspeRelodfidedCéitotie 2def i ned by a so-cal l ed notion
vector predictor (M/P). In general, to be a valid MP, the notion vector

bei ng used [9&H] presaiding ©rispesst ofgbisfisctasutchuidse pcoder 2} andée pdestdeeedass t he
noti on vectQr : i . . ; -
estimation 3§rﬁl a&ﬁ%ﬁ%%/dﬁ% Qg‘é&l%g?) ?E)hﬁi @13%? ourlré gor@%flgﬁ%%o ?183 eatt+ ?rgltﬂ t hat
i ncl udes seahbbrimeblgbibahatigbbifaed dutity Sqiadd, @lg. dnd/liae bufsp Falexsthplect i ons
as candi dates for MVP, Wien nultiple notion \,/egt or predictor. candidates are
avai | abl e (M¢8rRnRRAet PPrBYEEKEPde@ds] Ytway imiighe amoratiat Rerdigionuni t 42 nay
det er m ne ] J r: : d%l?ﬁ‘g i 0

pr edet er m %ﬁg@c%%%Q%Ppéer lggaglzsotfrl&eligun% é& &n%ol% %)n eé%%t%%%ﬁit 42
may sel ect préikctionshfoametioramey preddiccttor-pfedmiot hdfovsatondeaize as attrdasigz on
anal ysi s of (gpgodi ng rat.e and distort.ion é{e. d. ,. USI ng a ra e-distortion
cost~ anal ySPUIeHPT BPHR EETatign &8+ BIOHAR Y (rETTsjoe NG{Uis RS cRPErfie ey,

ot i on est igREHAR, dYtherdriofBNiEHN A @irdNo AYRCAT 116 disPRsuirel falfer MRRt Or
predi ctor candi dates. O her nmethods of sSelecting a notion vector predictor

are al so poswghredictjopgsirmepernofsdoreniighberingdilpay wheotcodingreaitenidriockaot i on
o541 o0 b 6 TR, SRS & IR SRS P Al E5S IR
decoder 30)infohRiteonidstDeRpRAIcHEn MBnhdtioa i RIFERGEntRIaE Bidkb.i Bl oth@nt ai ni ng
MVP candi date bl ocks. Motion estimation unit 42 may al so o

examples, video encoder 20 and/or video decoder 30 may determine prediction

information based on data from an above-neighboring block, but only when the current

block is a sub-block of a larger partition (e.g., referred to in the emerging High

Efficiency Video Coding (HEVC) standard as a largest coding unit (LCU), as described

in greater detail below), and such a sub-block does not border another LCU. A variety

of other techniques, as described below, may also be used to reduce the amount of

predictive information that is buffered by video encoder 20 and/or video decoder 30

during video coding.

[0075] Video encoder 20 and video decoder 30 each may be implemented as any of a

variety of suitable encoder or decoder circuitry, as applicable, such as one or more

microprocessors, digital signal processors (DSPs), application specific integrated

circuits (ASICs), field programmable gate arrays (FPGAs), discrete logic circuitry,

software, hardware, firmware or any combinations thereof. Each of video encoder 20

and video decoder 30 may be included in one or more encoders or decoders, either of

which may be integrated as part of a combined video encoder/decoder (CODEC). A



WD 2013/ 012867PCT/ US2012/ 047073 23 determ ne the M/D between the current

bl ock and the sel ected WP. The MVP i ndex and WD may be used to
reconst r wo 20ts@1e88i on vector. [0088] In some exanpl es, paowitses2@st073rat i on
unit 42 may instead inplenent a so-calol ed "nmerge node,” in which notion
estimation unit 42 may "nerge" notion information (such as notion vectors,
reference pjicture indexes, prediction directions, or other information) of
predi ct i ve dgvige s chidigkvidee encadeidd aioryi¢ragicppdse RO Mgy corpring py Intggrated
respect to I r i I LS i

i nformati or? rlg’% Ig}r%%oeér%sﬁ’o?\{}\ﬁ/ gygﬁ%ﬁ%@%@? g% d%?(%%: EECHN%SH %gr?llu}aaét i mation
unit 42 mayelbpliond. a nmerge node candi date list that includes several

e e el PRED S S T SERhebet 0 heR 3D AR ool

mer ge i dx) Jc¥itce B0 BRY héh BSBE gk Aed RitRaMadibi HERIHERPH&IdEE afl map RS
vi deo decoder 30) whére to locate the nerging video block, i.e.; the block

f r om whi ch apptopoatciMUE-BEM BX ungs, e oiicnbardwiare andrsefteresn tehgmidtst amcedihg st

cont ai ni ng rgi ng. candi.dat.e bl ocks. . [ 0089] Accordi ng,to aspegts of this

i sct osur oo pBicRA R G 4 Aol e bl B8 o D on

i nf or mat i oRpplecalle, MUXIDEMYEC ififsSmay E5rF6:@M GEthDTTUH 223 MR ESer ProdstoCt i on
directions, or other informtion, fron1neighborin% bl ocks that is buffered
duri ng enceditgr Pgcotsaaahpetheusetatagramanradecod (HPR).ng an MVP or nerge

candi date f r t | . i l.nf [ f
above-neigﬁg%p?ng&b?%%k@?&§§$$%ﬁ§ggggﬁ% ioﬁg%ﬁ'%‘%%%%%§&%g€28%#ﬁgwhntion

i nf or mat i ofimplmeanthedédhgiqubedasuribehin thik disslovas dor efficiant dtoage of gedtibon from
| ef t - nei ghhoring. bl acks. I n other exanples, notion estimation unit 42 may
det er m ne HUOTBHIAFGAREISOACH St menBcTEaTrT @He- Bldgeier sadin obridaablocks om an

above- nei ghhaih DAHLRGK; 1 f;i.cdamg@/rgp%g@ %ﬂgﬁ?wéaiaﬁpn Rl0@kcic? r@}n%lp?t{i ck of

an LCU and the above-nei ghborin romthe sane LCU. | ot her
exanpl es, mehindmaeyshividebivathimaigived Zideayidtomel éntentodnhedics ec temimpues (e. g.

sub-sanpling,..interpo)lation, and the |ike, as described in. greater detai

bel owy Lo PERETNGARD A IRGH T SRR PoR e SBEr T SHEEreRE | ng
iZCOd' ng. [00&RsclyincoNIRRATRENAS@hRIR) nﬁ?&éf@fMyw_sm&algﬁa&@ﬁ@s%asatl on unit
, may involve fetching or generating the predictive block based on the

not i on vectcomptissien modesl Injerrmpedessuek i nitditationsl pregictiongBinmdenot bion
estimation unl%.4 and tionfcqnpensgtion ni t %ﬁgnqy be functiopally

i nt egr at ed PTTHCOSHE TBOUHEPRE B ANY & G.VW%%%H%&- PO VREY S POt he PU
of the curnesms] WsdhewaliREkG. 2TBIdc0RnEAITP 0 $etkives vidab Uatd4o BRYndodedt b thbe
predictive block to which the notion vector points in one of the reference

pi cture |i skamplgomibe. Hidegrongoder LB 4ndudes aperisselscoart 43 sumper 48t i ng pi xel

val ues of ttﬁﬁsfo}%) p?o%%@gl&ﬁﬁf?f ‘&Eé&ﬂé%ﬁ&%&f@%ﬁtr@éy encoding unit 56, and
reference picture memory 64. Mode select unit 40, in turn, includes motion estimation
unit 42, motion compensation unit 44, intra prediction unit 46, and partition unit 48.
For video block reconstruction, video encoder 20 also includes inverse quantization unit
58, inverse transform processing unit 60, and summer 62. A deblocking filter (not
shown in FIG. 2) may also be included to filter block boundaries to remove blockiness
artifacts from reconstructed video. If desired, the deblocking filter would typically filter
the output of summer 62. Additional loop filters (in loop or post loop) may also be used
in addition to the deblocking filter. Such filters are not shown for brevity, but if desired,
may filter the output of summer 50 (as an in-loop filter).
[0079] During the encoding process, video encoder 20 receives a video picture or slice
to be coded. The picture or slice may be divided into multiple video blocks. Motion
estimation unit 42 and motion compensation unit 44 perform inter-predictive coding of

the received video block relative to one or more blocks in one or more reference



predictive block fromthe pixel values of the current video bl ock being
coded, form ng pixel difference values, as discussed below. |n general,
noti on eswormatiymmeuni t 42 perfornms notion estimation relpativseoio4ionsra
conponents, and notion conpensation wiit 44 uses notion vectors cal cul ated
based on the | uma conponents for both chroma conponents and | una
conponents. 'Mbde select unit 40 may al so generate syntax el enents

associ at ed DIfit¥I§s {onRI ovidg SMIATHGeEPEFRIoN Y dnt{d-predicEipy it fHH MaysteHptiyelge o
decoder 30 olftofif ARML S LRE HFRoRhORKE ] vidaE bHHERaRId BiimcloPivHd
Intra-prediction unit 46 nmay intra-predict a current ock, as an

al t er nat i vectghbodiez blotlerin preechinet picnreperstior aettic blockid bocodedtto pratviden unit 42

and notion conpensati on it 44, as_descri bed above. | articul ar,
o pr edPEDROACE oy o gt rertp A el O R EUE & use to
encode a CUgjenin a?k%'ﬁate'd&dﬁl%rfﬁoc&)%ﬁpdcﬁfblodk"ﬁfrv%‘%ﬁta@t' on unit 46 may )
encode a current oCk using various intra-prediction nodes, e.g., during

separ at e ene®i] Monsaws epartiaerdunind§ map pedition ibbaeksinf vidadd4dta imteseebloekect uni t
40, in so e>aarrp| eﬁ%’gnagfsel ect arg .alg)gro riate intra- Er(gdi ction de to
use from t PSS HBYLE! PFYGYLPAREPIIBE SAsTe™ T REYRUDFAUPE PS> Uit 46 may
cal cul ate raimpll Sdrfibn @it ¥&d@Snitislly Bardti6ah picelirs bOSlideoa@y ahg for the

various tested int ra-f%edi ction nodes, and select the intra-prediction node
havi ng t he PeeHioncagheoidng Loisiinte sehdrlachased e raedistastion amdysielSitedatndes.

Rat e- di st org.i . VS) e I . ] i stortion (or
error) bet &égé%ﬁgﬁggéﬁ%ogg%&b lﬁ\gé ‘Jaexeﬁgglﬁ?%ﬂng?zlé@r@@Q%%%Mﬁ%g&{% hat was
encoded t o spuadidadicieycarfepadtidnblgation 14U wad kula€1a. bichf-adde (Whettthes, a
nunber of bi tg) used to produce the encoded block. Intra-prediction unit 46

may cal cul dtadtregimysineludrraher ekt s pncaranaradys- for the various encoded
bl ocks to R j -4 : i cLi {.hi; e

ot o i 5t of yl BHElR el 19 Fidy BEIECH Gk o o TR, bia bRRuASEL

i nt ra- pr edibesddam arrir treséiBs,rmayg provddasabereaulsief éotae dr intdtrradedtiock koosunmoete usi ng

a so-call ed nost probable e. For exanple, .intra-prediction it 46 may
i cate ¢ 08 REREE A B PR Haand B e Pehe DS Hsaodt Hodont ex
nodel that fhngkudasciRfayd pleairy PRE Akt RhAUISIso! o AReEAMR] oments, such
intra-prediction unit 46 may determ ne a nost probabl e node based on

previ ousl y asmstidedetsbisckgratede ibdicaters, pargition infermatiohowid atbertsueh pywitat i ve t op
and rel ati Ve I efttd ?s%:ﬁrm Prgrg a | eft-.%ﬁ-ri ght, top-tobottom encodi ng order
for bl ocks. ™ PHEEE HIDEKSP QCWé%mg q‘gh probability of having the sane

i ntra- mode [@@82] hottd# dstitfatibh 06K 42 hEDRlioh Boraperseiamliess inhy bbaidalypcks to

the top and left of the current block are encoded with different nodes,
i ntra- pr ediiktegdiedubntarablupgiied gpaetely fys conegpiLahba@OsRsy IMRfianRstimpgyn,
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pr obabl e rrg)ae,ﬂgjcc r Pﬁgg%)%%éa%%?ggﬁ??h%%gﬁﬁ%%8?g%%%&ggﬁ%%&e%%’nt ai ned
by i ntra- pradéeicéstiamtanbtiontHor (Videg.blodks nAnmesticayectaanfor Bganople, miy mddes
according to node nunbers). In another exanple, if the blocks to the top
and left ofhg Wépqemme@hpf[ %?H&é agigeodteddwtinia HITGRT Yigrupietuppigedive to a

i ntra-predictdi QR Widk ﬁi%iﬂ%ei%ﬁe‘n@%i %r@fr&%%{eir @Q&dqﬁfit?%léti\f&g?he iR as DC
i ntra-node, as the nost probable §e. he process of selecting a nost
probabl e nbllekiieery dobded wathingke cafrerd poture éort othéraoked mut)udesioteak @ovbian one

intra- nodeé_%ogomever , 1S pr ov%lﬁqed gst.exgggl ea(ss. only, and intraprediction unit
46 may be PGGFeE 13y BRIBEMYT HESUADEYOMYIBEbI e node in a variety of
ot her ways.[0083] A predictive block is a block that is found to closely match the block to be
coded, in terms of pixel difference, which may be determined by sum of absolute
difference (SAD), sum of square difference (SSD), or other difference metrics. In some
examples, video encoder 20 may calculate values for sub-integer pixel positions of
reference pictures stored in reference picture memory 64. For example, video encoder
20 may interpolate values of one-quarter pixel positions, one-cighth pixel positions, or

other fractional pixel positions of the reference picture. Therefore, motion estimation



[ 0095] After determ ning the nost probable intra-node, intra-prediction
unit 46 may set a flag (e.g., a nost probable node flag) based on a

conpar i sovoab1dthessmost probabl e node to the sel ected i nPcaaseae/oumes t o
encode a current bl ock. For exanple, 22f the nost probable node is the sane
as the selected intra-node for the current block, intraprediction unit 46
may set the nost probable node flag to a value of 1, indicating that the
sel ect ed i MHA2FREPAiaMPOBtiQN tsBEchIrelafivtiosthe fll pinel nositiens pd Frigtiongly anpl e,
no additio L& reqr i ] J . pde. That is, upon
recei vi ng %ﬂ% %Q%?%baggloe%gg%fn{ogg% %t%ﬂ?kthi&@%%%‘%ﬁ%%f&e@?%ﬁ. a video decoder
(such as vi[@esd] ddaotocherstiBR)iomayit A2 palodaee anitgiosaretop faraddlivga oo diickr m ni ng

t he nmost pr.obabl e de, .e.g., as .used by.the _en er, and .then use the nost
br obabl e e (OSSR EHY aberUegaeSien of S595) 1 fepRutHBEE pr obabl e
node is nmpréd_i'&iv%%‘i‘@cksz gtrgﬁré%%é ?&hﬁ@. TR FdeltRAEiE@Fe th eb?k’eﬁé&é& frthQck,

intra-prediction unit may set the nost probable node flag to a val ue of
0, i ndi cat ifingf refesence histuro tetd Last 8) oot sachied shgrencelmctutsi st Bxiatndp) eachafidi t i onal
bits may be .required to signal .the actual jntra-mde used to enco t he
current bl SRRSO oF bR (rrasPes R o B3 TRiGenER s BB RE

nei ghbor i ngRCkEmaA6E ahiel 4D Gerldd tIEOMEc UM RbESH vEdibT ta oGSl Glco@MgwRitt 46
may maintain a nunerical ranking of the intra-nodes, with the nost often
used i ntraSfsaésmdiguicagreratippweist4numeri cal ranking In such exanpl es,

i ntra-predigtd 1L .4 ' t ' - de the
curront. bl o0 dn G SRR TR b SRR MBI BOERER e RIFC
identifier mdtOXéfimAdaoitli 4mkag pasgie thicsmofiort Wicsordd $wrties wrdace the amount of
intra-prediction unit 46 may |imt the anount of predjctjon information,

e.qg., intr&aRggedede gommugqatisthg msion Y§eter- olorbisccazg ratierghans cedingdard ng
encodi ng. E g ] 1Nl : i.nt r anode
for a curr gﬁ@“ﬁfﬁg%&h%ghsereﬂ&%ﬁwéﬁﬁg@ %B‘Z&Eﬂnt@ e?ﬂ%ra gﬁﬁ@%@%ﬁg%ﬁfﬁﬂ? i%ng bl ocks,
i ntra- pr edinadtionrveutor tliflterrayMidd exchitine tcea kmstn (@r dbawhide) motier watke. flbe
encodi ng the current bl ock based on intra- of ft-nei ghboring bl ocks.
That 17 1 dRoRRAEIoY vecRh HOaNIeY SREHACTLASOLS O ASHaE U5 PERRTBI N ot | on
unit 46 may.cest RaMbeBefnddia g@t&h@@h%tibﬁtvéaoﬂ@‘é@i_ct&r(m@odﬁ Béhckd) Sroddra ent
bl ock only based on intra-nodes of |eft- I’IEIq?_h boring bl ocks, "wi t hout

det er ni ni ngalihMEP.thdmotipn yeateblsies v doruedingorbmostkooint ito thstshee exanpl es,

i ntraprediction um% 46 tmagn(%etern{i ne anﬁgﬁ)t .qpro?a |l e intra-node for the
current bl SER"BEERYE u5?‘|asdgf FPEM BRE B e Bt < Gei ghboring bl ocks and an
above- nei ghoege] ng sbrheekamples, nitioy cwhamidtheniCal menbuid alotibs vactsub- bl ock of
an LCU, and the above-neighboring block is fromthe sane LCU. In still

ot her exampretctor ¢andislaterlis§that m@hl%eque%nmbbqr}mﬂémtm eafal and&dhni ques
(e.g., sub- i ! r -at i | i i i reater
ot ai i Dol SabRel Alsubil & BRYBKLCRr MO, Wil iolc o il B 23

duri ng encedndidate] £0984ila¥lcdé@nemabipdy caadidaty btecla), mesiotuatimuticieonibidck by
subtracting tch predictigon data from nmpde sel ect he ori gi nal

nit 40 from
vi deo bl ocK 43 W@Ptl%ﬁfé‘?rg 19"_85 BIHTEN hlac %ﬁ?ﬁ@ﬁ‘&f@ Pé?&eé%ﬁb‘%ﬁﬁ‘ent S
that perf orglctdrScrRUR. Mk R RPRLALL OftimaloR Bt anHh s%?é%?ﬁferi'ﬂgsy Adurat@
applies a transtorm such as g di screte cosine transform (DCT) or a
concept ual Ipyedsétor fram the candfdatenget bayed e andgsislobéncotimghkate pnddistirngn @.ga¢j deo

bl ock conprising residual transform coeffigcient. val ues. Transform
or ocessi ng UHER T8 HOTDR P ATASONSF STEL SR THECIRAF RIS e SRRt Lal | y

simlar to RhrhplcYaiSiddtcstif@Ast BRINE2 nlahl@B@htclahaReheE BBthe SttoRaREkoE I ansf or ms
or other types of transfornms could also be used. In any case, transform

pr ocessi ng piesiigtogandisigicss e Othdsencthashy of s¢legting athetigrewicthuaredtocke appoduci ng a
bl ock of resisquiaI transform coefficients. The transform may convert the
residual i®POrAEtion froma pi xel value domain to a transform domain, such
as a frequeeesr] dgisaisblecliOdRbtidh *B&H0FrBAiPI0RGRSE NG tiAtibn BRIt ABYhagend t he
resulting transformcoefficients to quantization unit 54. Quantization unit
54 quant i z&§terRECEApiIIOYasas pegdistes BAes(npY_flagk mévch mey beutsidito frfpen a The
quanti zati Quyr y ' ' j r all
o The. coer IS BEFRT (RLsREb b Reotel s6FDhCI R FSHV b SREcE

adj usti ng iquanist atdining PAY Rretiddate blockomeloguanpinegionqu&diirzat alen unit 54
may then performa scan of the matrix including the quantized transform
coefficients. Alternatively, entropy encoding unit 56 nmay performthe scan.
[ 0100] Fol l ow ng quanti zati on, entropy encoding unit 56 entropy codes the
guanti zed transform coefficients. For exanple, entropy encoding unit 56 may
perform context adaptive variable |ength coding (CAVLC), context adaptive

bi nary arithnmetic coding (CABAC), syntax-based context-adaptive binary

NN AN
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codi ng or another entropy coding technique. In the case of context-based

entropy ocwoiog/oiesent ext may be based on nei ghboring bl oeks/ush@2047073V t h

respect to CABAC, entropy encoding um3t 56 may sel ect a context nodel that

operates on context to encode synbols associated with a block of video

data. For exanple, entro%y encodi ng unit 56 nma entrogﬁ{encode each synt ax
|

el ement f ordelrBingche MEVI) befeser e ulisinlogs %HB%/ pelegre MY il kMgt indgre h
syntax el enBatvHNEa (QB%PB£R%¥%&§&{%%gg??ﬁg%mbpdlCate a likelihood of an

el ement having a given va e pr Ity estimates may be included
wi thin a prloSshilh sdrye oxabeles, alagion reefiratiedurtiod 2aman insat éxplemeded so-Exitedopy
encodi ng unit 56 ,Sel ect a context.nodel by deternjning context

i nf or mat i on™C&C™ ems‘iv%ﬁg‘ Jrotiop SHfragton) urgts}2 ’%Pﬁé LGS aR108) EFFEE’EIW}&H

different prRRABKIHLY VERER! rdfSeR&IiRgR ihOxc8 3R ERMN EXdctiohd bEbthedi ng t he
syntax el enent, entropy encoding unit 56 may update the selected context

nmodel basednformatipndof prdictizt ueleoblackevidymtwsenelidae htock o Acediidimgtly, whéh nost
current probability estipmates. That i for ex | e,. ent.ropy. encodi ng unit
56 may. upddreoriie e erde s SR e SheeRhe RS B i LR LERlat AR ansi ti on
to a new canb@i kndelor k&) Fedd K¥ENAVIbEEH edtintBioY uBRAR MgaybLilANt I Opy
encodi ng unit 56, the encoded bitstreammay be transmtted to anot her

devi ce (e. gueraymgde cansidsgrelist 3oy inpludgs senopd arcighbeying blocles inspaiadiprdormedi um
for later LLADSM cﬁ%cﬁgnsoe[s.craﬁctﬁaétg%/ Al elr%ev h3& HaaBh 'eszti%eitfzﬂ u'w‘]tlrt'zfz é% and
I nverse transtorm processi ng uni ééna pl'y i'nverse quanti zation and inverse
t r ansf or matdeeAnint@s peddxi watlley(e. gt, andrge oot whith nidyebergsd duialorhl ocided n t he

pi xel dormain, e.qg., for later use as a reference block, Mtion conpensation
unit 44 mﬁe%eégﬂ-&t Bich ap yrdsp dacaden Qkhs tolaattn fhermeregsiidipaltont: 66k to a

predi ctive ol ggk HBm%lﬁcﬁ’%lA?ttiBﬁ iRbEhHIRSs pﬁtafn%a,%%%fa&ice e ry 64.

Mbti on conpensation unit may al so apply one or nore i nterpolation
filters tocomeinieroaeingicnddateddocksal bl ock to cal cul ate sub-integer pixe

val ues for in notion esti [on. Sunmer 62 adds the reconstructed
asi dual bR R PR B b oL RS, PetibR EY BRIk B e 1By
not i on CONRERSAL dfARotidH fafdtthation, R OAHERo Py dcBEO Hefer et Btk dRIRx & ock for
storage in reference picture nmenory 64. The reconstructed video bl ock may

be used by prsti¢tion dieseiionst proetheminformatiem dronpadighbasmghenkathabis nifereds4 as a

reference bl ock to inter-code a block i subse vi deo picture,. [0103]
5 i o ranHaRE URg divt SRR RIrer fish deRnBiEREM Y, dubiRs Bukh S or ay
perform a nmeiuhest B166d bidedan grtieh MBimgiop R ebdv@mdigHbariiRbideks, hytioa fir st

bl ock of video data, wherein the first block is included within a coded
unit of vi @sémgianauniydemay deferming gotign defRrmaticndpponcadingghe enirest blockcks in

the coded i dyordR5&SHTnf9iBE RYLCIEHIRignRicP BRI AR IR LLMRARL HARBAO 73

estimation unit 42 may determine motion information for the current block based on
data from an above-neighboring block, but only when the current block is a sub-block of
an LCU and the above-neighboring block is from the same LCU. In still other
examples, motion estimation unit 42 may implement other techniques (e.g., sub-
sampling, interpolation, and the like, as described in greater detail below) to reduce the
amount of motion information that is buffered during encoding.

[0090] Motion compensation, performed by motion compensation unit 44, may involve
fetching or generating the predictive block based on the motion vector determined by
motion estimation unit 42. Again, motion estimation unit 42 and motion compensation
unit 44 may be functionally integrated, in some examples. Upon receiving the motion
vector for the PU of the current video block, motion compensation unit 44 may locate
the predictive block to which the motion vector points in one of the reference picture

lists. Summer 50 forms a residual video block by subtracting pixel values of the



28 information for a second bl ock of video data bel ow the top row of bl ocks
in the coded unit based on the prediction information for the first bl ock
of vi deo wetaizanaseni t hout bei ng based on prediction i nfecraiscan/oftoom t he
top row of blocks in the coded unit, 2nd coding the second bl ock based on
the determ ned prediction information for the second bl ock. [0104] FIG 3
is a block dia ranllllustratlnq an exanpl e video decaoder 30 that may

§

i npl ement  PRI¢ eam fespixspabres af Ehﬁlcgrraliltgféqie@shl?<é< L ‘éorﬁiﬁiofﬁVn@Bdl ng
vi deo dat aﬁmle'i‘ ggﬁ?e Hﬁleg andls Lllsg‘e%ﬁelow q’ﬁ’ e&?ﬁoﬂg{loggstfnﬁqloﬁ%ﬁ 43n entropy

decoding u |ct|on unit |nve se quantization unit 86, inverse
t ransf or nametfnrrmsrmbtlasestmmma rel9tive tardma ebrepenenes, pidinotien n(nnpmsat&m unit
Predicti on, nit 81.includes

tion unit 8 nd intra
pr edi ot i on 4ies B0 YertsS) Cpe i e BB Bl s Bogas o b MeBoder 30

recei ves anogpeRdedand 69 cBh&a%ﬁérﬁ@”MoB@Eelé&Bﬁﬁ&@%a%z MiFeehtoghaxof an
encoded video slice and associ ated syntax el enments "from vi deo encoder 20.

Ent r opy decbudiants assddiatgdwith thd ddeo bleclodind tBOVidae sligsyforiessdyeddecdechidrst r eam
ntized, coef f vectors, and ot her syntax

teloe?rgzte;at %8%6%’ 0\9?%%%@88:?@9& P%Q’lie Ef?}e the syntax el enments at the

video sliceqodaEyehtaplédctidnnaiviciagy bltacicdieveturrdnobloek arRh ltetytiviy of
background, video decoder 30 %yrecel ve conpressed video data that has

been conpr desiaterinsedietioameriossedhy piosion CHERWUINKINItr2Ng GuQLEIN| COEPERLtiABT k
abstracti ol 1%1%5 &rﬁt%d a%é %Wn lépﬁctuzartlﬁﬁ‘?:i) &ﬁ}}&}?‘ﬂ’l{n&t E&EMS header

that identifies’ a ype of Fore un|t ere are two types
of data thattrapedzaonadldy tetetedntmicNAlurent Blsck. Theaoferexhmplepanei- dat a
stored to a NAL unit |s vi deo codi ng I?%leé (VCL). data, whj.ch includes the
conpr essed mda%wnd@e% MECICREHAQUE S lﬂaltgavaglpw@aatpéedactmmeﬁﬁ% is

referred tq p @r?tg%é’odu‘/%‘ba%gb | ] UAg: é&f?cqiotn' a4'6 (bPfd ng?éléé{’ ﬁUCh as

par aneter se Ine h ata co nto a arge nu

units and s10pml semrﬁxaﬂnpbs)‘mmycsa‘reman iapproprat i ra-iSHic)ion pOUO T uslé(froreXlEITpl e,
paraneter sets contain the sequence-Ilevel header information (e.g., in
sequence pdss é?‘tie‘?l%‘xessets (SPS)) and the infrequently changi ng picture-|evel

header i nf gpey iFRR ck&nfle, qnﬂrélp‘f'éd‘r“cttféh%nﬁa%%fﬁﬁ @ancuffa&& paté-BRDrdion Vd18es using a
i nfrequently changi ng information contained in the paranmeter sets does not

need to be ratepederddn poglysaih tlsfew@ms;ées@d ipirepredestion Iﬁlﬂd@b)ﬂnd splegvherg codi ng

efficiency. |n addition neter sets enables o
Craner so1 SHEPRHELHE s pERRRTRARS PRSP TRY M SRR B PR b R dant
transm ssi @mnsdef. ORat@rd’lﬁbrtlToﬁ%hhlg@@ g€ncral Wl 8 dn3h B ABendaetd 6 148484 Q61 8ft) 29

0 may be configured simlarly to entropy

Eagg gg} ngE nL r O&/@g?ﬁ égé«u%é gmcg@ﬂd ap @vénw ﬂlnerrceggb‘elpclf tha( vaeenceded®er 20 of
7 o BIRTH o SR, SOCLRE Y ST LR PRI ) o
data. That pr&duce itierenpydeciddodkg Iumaq)reﬁiﬁbtmsayma%rm@ycadiﬁmd eativa Clonsthat ax
elenent for, o ook o1, Yidep, dala usi ng. pfobab L (v cest| mites, for; each
mode exhibits the best rate-distortion value for the block.
[0093] In some examples, intra-prediction unit 46 may indicate a selected intra-
prediction mode using a so-called most probable mode. For example, intra-prediction
unit 46 may indicate the intra-prediction mode for a current block based on a context
model that includes previously encoded blocks. In an example, intra-prediction unit 46
may determine a most probable mode based on previously encoded blocks that border
the current block to the relative top and relative left, assuming a left-to-right, top-to-
bottom encoding order for blocks. These blocks may have a high probability of having
the same intra-mode as the current block.

[0094] In one example, if the blocks to the top and left of the current block are encoded

with different modes, intra-prediction unit 46 may select the intra-mode having the



[0109] Entropy decoding unit 80 forwards the notion vectors and ot her
decoded syntax elenents to prediction unit 81. Wen the video slice is
coded as wo 2msiaasscoded (1) slice, intra prediction uniPc84asedizpamds ction
unit 81 nmay generate prediction data ¥or a video bl ock of the current video
slice based on a signaled intra prediction node (e.g., signaled as the nost
probabl e node, directly, .or béuan i ndex_ to anot her one of the neighboring

bl ocks) andowatEIMisAh [BREDE 8t Eicynest pidable prasiekacearding @ acRipddmed sking e.
Wien the vi L Chure i s: s an: nker - i : : )
Sltce ot conieehEad bS8 Y5 inGSpRRicBh ShiBBYEE, hhfgricdbraflifl o)

pr edi cti ve niddes kscofding & mbdenurhbask Iofandther cxanmpéntf the Hwoksioithbetdpasmdd on t he

notion vectors.and oth yntax el ements..recei ved from entropy. decodi ng
ni 180, - TH B BB reFr PloskekErcedyt BEN o BaTEaR R JRTORE G op B BT EPence
pi ctures Wtk H0& Mled UBRUISIRICENRE P DR Hi8-rhd Rl 8s thYIntRPpAEENE @30 My
construct the reference picture [ists, List O and List 1, using default

const r uct i dietpeadesd efuekchiage thosiprobitde moede whice theraestest off echiriant blotkr ence

icture nenpry, 92, 110 tion,c ensation.ynjt 82 deternines. prediction
P or et oo Tiart it e ol BPep TR EUR ity SErBESE) L ARCRS T he
not i on vectyaddictndindt46ahapydtchfigal@nB At rmmba miseprdbaBleRiRIdIif hivaRety of

information to produce the predictive blocks for the current video bl ock
bei ng decoddtfr WRAys. exanpl e, notion conpensation unit 82 uses some of the

it or - prec DS 5t aE s AE b Bl REROAAL SRl Bt ot B35,
i nt er - pr ediadtagqB.gs lairtest tyrpigable nhde MBgBhas&bon Pedhpagieon @thdBstpkdbaslk,

construction information for one or nore of the reference picture lists for
the slice, MRseitoRevelestert wirpgrodgaead tp sReade @ suseddlogk dEy Brwelk. bthemests| i ce,

i nter-prediciign rﬁéc?etig%hef fenet Gt ée%c?efd-iﬁf?g-gﬁsbd}éif ¢ BLRGH bRfck! fagasS! i ce, and

ot her information to deco e video bloc in the current video slice.
[0111] Mbt ipostligempenskt mansat thet m8R? prebabkl reed epidagf torarmalust ot ripoldatatiog tHaased on
interpolation filters. Mtion conpepsation unit 82 may use interpolation
Filters as OBy DT @R IeABOaEN DOV TRHHES HE ol AHE VIS ™ ocks t o
cal cul at e ipligbRAIAL 8k MghiveStofsWnaPB séIREPRIdR] XRAtSs, Aboh &IcBF mBLtocks.
In this case, notion conpensation unit 82 WD 2013/012867PCT/ US2012/ 047073

30 may det @rohahls meds flag hetduls dee¢roset £9 |.taevideaudasdddsyswohde yidenalseader 30) f r om
the received §%nt%x q%enents aqg}u e(fpe inteépol %iog filt%rs to yroduce
pr edi cti ve "BPIEREM 01T 2T ARESE fﬁS@ft 5eRe s e fpost pobalfe 29%5stBe® not i on
conpensat i @Bedby the@Acdtry, ahtl Bidn Usb ehcafi®ud Probablcmédead debdderthi@idciRed Blogk..
notion vectors, reference picture indexes, prediction directions, or other

i nf or mat i oh0096] dhibganashBobrg Mds dxrotithaanesastie sedeciesl mtirimesicdecddi ng. For
exanple, r - det 1.l - r r ' nt
bl ock based o RO LML P M R DR ABLERaEl Aal oo
conpensat i @pindivating zhafey miedes ard e tiedahen Ih fio exemtpl@rdivionalddednaycte he
current bl ock based o tion.information froml eft-nei ghboring hl ocks. In
ot her exanﬁ?%{egﬁ%ﬁ%ﬁa tg% é%{f%'%lﬁggl%ﬁd ta oneads thpsguateay ﬁl@dﬁﬁeth%frﬁlrecﬂy
informatio (A ¢ f - el ori ng
bl ock, " but a5 e § e o et ity ool HRLR, Q) Al A I e
above- nei ghitor-predichbookit 46 nfayomittae saurecric@Urankmgstfithd inotimerdeexaitipthes,

U TR SR IR T T N O A
321: g\évl) n; 0 @elgRdchen AR YBMaP bighRtthOfcth iRk BLUO sddhdenéichbd &pfpd during
block based on the numerical ranking or another numerical identifier.
[0097] According to aspects of this disclosure, intra-prediction unit 46 may limit the
amount of prediction information, ¢.g., intra-mode data, from neighboring blocks that is
buffered during encoding. For example, rather than determining a most probable intra-
mode for a current block based on intra-mode data from above-neighboring blocks,

intra-prediction unit 46 may determine a most probable intra-mode for encoding the

current block based on intra-modes of left-neighboring blocks. That is, for example,



[0113] According to aspects of this disclosure, intra-prediction unit 84
may limt the anobunt of prediction information, e.g., intra-node data, from
nei ghbor iwg 2bi3omks7t hat i s buffered during decodi ng. Forcexmombke4zorat her
than determ ning a nost probable intrmnode for a current bl ock based on

i ntra-node data from above- nei ghbori ng bl ocks, intra-prediction unit 84 may
determ ne a nost pr.obabl e intra-node for decodln the current bIock based
on intra- nﬁléFéaspliﬁ’thFlélﬂ pogs 8P W&@f%@ﬂtﬂ QRRY profakie 1P§a'ﬂf%1ﬁ fardaepdiag the

i ntra-predig [ «nmode for

decodi ng thgh%@$¥§%¥hﬁfg%%aéﬁ%§} ase gﬁe¢ﬁ§ hﬂg fﬁpﬁhnelghborlng

bl ocks, wi tdateuhintiet @emimodeg fiont a@vmﬂ@bbmmgrbladmvelm&hgmmmphg ibtracks. In

ot her exanple i ntrapredi tlon unit 84 determn nost pr.ohabl e
Chi r - mode PRORCQ R B SHOuRS b st oR s or ot A gRrar oot

nei ghborin %a@d%k&at@ﬂgm%ﬂe NS fé@t'-lgéﬂ' ohﬁg bRICRE knd BHEbLRBINYiHDE I he
current block is a sub-block of an and t he above-nei ghboring bl ock is

from the skl @u.oniynwher the cotrbierbltmkasrplse@blqcmof an pédiand therebavé-t 84 may

| Re s o QewRbelMRUE R dthed Ficdama e RER QBer b BBl B ahoisihgp! "
i ntra- node 4daha; fdpdéméri obheét teRh@iduelueignGubss@piing intbHdldibn | MMeRSBke, as

quantlzatlon unit 86 |nversehégant|zes |1.e., e- quantlzes t he quantlzed

transf or m deraribed ingreatepdeeil belaw) tp teducashe smpunimfantea-medo detd they isent r opy
decodi ng u se quantization process may include use of a
quanti zat i %#%%9%%?@@%%013/ 012867PCT/ US2012/ 047073 31 cal cul ated by
vi deo encodesIgRvitier ereaddr 20 fdans blwikal vidédislovk tesulstactisg the pretiaion daea a

degree of quantization and, |ikew se, degr f inverse quantjzation that
shoul d be 2 mede Sff@if@]“‘ﬁf@éﬁlg@qrw&@mﬁmbﬁ%%é%wﬁgﬂﬁmm@er%(bm ies an
I nverse tra @ﬁ@&h{&lth@c&n orfelt & B6R] r?%?%l?%]ﬁl forVRIsSRb r%t%ﬁg):qeﬁaﬁ@mf orm or a

t
conceptuall siml ar |n erse tra Sr cess, to the transform
coef fi ci entlBansforor plecesking pmﬂdacaephessl tdanafortol, sm:lhsas iartdigchete posued tratsfioimn.

According t e aspec f this closure transf.orm oce55|ng
ni t 88 nayDEd0GF feHeeb e AT U ToRT-aR (VS PR DR el

residual datgk cxhg%#n? redi@lal eémn@eodfﬁé&@ﬁtseme@ a‘F?Jn@fo@?n%@é‘e@sﬁﬁ% D8t 9@” 88
may determ ne an represents t he manner in which transforns e g.,

DCT, i nt egenaytpesioshothar tlwas,fetresWhmh@sefmnn@pt@eﬂlycﬂmeﬂ@trtOrHQB warvelett ransf or ns)
were appl

h du | d th d |
et oPu Tn R rbes B onpt MR TP LSS AREP ot Ofhsh BRe Mraf R RaRA™ ©°

conpensat i aoRivseB2AngRReaa @andftven proeelstioiung 32 Ppkicd ME ttﬁﬂﬁoﬁfhlfd’ @Bt video
bl ock based on the notion vectors and other syntax elenents, video decoder
30 forms ared@wlibckiredampekiopy okigridiplgranpeTEep Higiants | hekenslosmmaer se
transform proce tﬁb D&l fn aftbh @rohp%plgcgf Vaiée“@&gélggo PHEMNS %f&n?h%ﬁ%ﬁ
gener ated by nD I on conpensati on uni represen e
conponent @saé&qﬁ@n@mbﬁwhhat performthis summation operatlon | f desired,

a debl ockin ilter may al so be applied to filter the decoded_ hl ocks in
order to ré ﬂ%‘k?é E@Ieé%nhegeesam&upgéﬁgnayaeﬁ@%hq TSHpting frans %m)(@egfﬁe?ntﬁ # the
codi ng | OOQlu%uz%E&%n& Be Qﬁ%t&%n&?&ﬂﬁ) sﬁf&ﬁ{axﬁ’ﬂzésoth%aﬂﬁﬁﬂn bOFBERRL o PI x€l

transitions, or otherw se inprove the video quality. The decoded vi deo
bl ocks in éh@myeﬂhmﬁbane 5heqﬂ&ﬁma@Mnmedmsnwwe&hmeﬂmdmpd@ﬁmaammawﬁry 92,

whi ch stores reference |ctur r su uent. nobti Qn coppensati on.
ot o1 ence’ SETSE ARG ERSEMES Bd et GREaN ol Py D g ERery

present ati @g; [ ultinPa Qha%ﬁ&ﬁ)/orﬁ%\férﬁ@cer %%Bm@%x%ﬁ@k Qagﬁaﬁi@éh@ﬁ uBit 5@fma'§|tﬁ%n

[0117] In thls manner, video decoder 30 is an exanple of a vided decoder

t hat may p@ptfomaacmfﬁb@mnaﬁm lu@lhud@gdleq @amlmdq@arpf@m eeflementynf or mat i on for
a first bIo the lplock is included within a

coded unit o*(ematl fé’ %foé)y e\IAl/ﬁOMQ f”ﬁlt E‘? tpe]bff) LG5 el ow a top row of

bl ocks in (R0} FdEEwWIHY duantiLiioh enfiopy eﬁéoeldtg:ﬁmp% it 0%51 FBldsahe fi@intidedecond
bl ock of video data bel ow the top row of blocks in the coded unit based on

t he predi ctiaBsformreeiigicnsn Frp fsxetrmée,fanrgpy pcodiagamitJoduey ARIFUMeGRIAN t hout

coded un ¢ RRABRAEARRY LA BRI SR AL AR i 251 on

i nf or mat i oCAKAC heymsecbasdd bbraext-adaptive binary arithmetic coding (SBAC), probability



WO 2013/ 012867PCT/ US2012/ 047073 32 [0118] FIGS. 4A and 4B are conceptual
diagrans illustrating an exanple quadtree 150 and a correspondi ng | argest
codi ng unwo 201312867 G 4A depi cts an exanpl e quadtree 15@cTwistah/oumees udes
nodes arranged in a hierarchical fash7on. The quadtree 150 nay be
associated wth, for exanple, a treeblock according to the proposed HEVC

standard. Each node .in a quadtree, such as quadtree 150, may be a | eaf node
with no chiiitgvehpariionag entronyr(PEHL) ceding s enother qniepk cading échriqps-Gn tha,

auect . R TEbylcn, Lt AR, AL MRS S8 Doy E g rocs

i ncl udi ng l'eaf no 1547 "Because node
154 i s not [&101¢aVithodpect GABKEE, antropy demdfngumitcid thaly sedobe s comtaktahodal t hi s

exanpl e, are | eaf nodes 158A-158 | eaf nodes 158). .[0119]. diree 150 may
el e datit QBSEIT BRAGIERHP SEUI SRS DRe by b BNGoh Y FH G T O odi ng
uni t (LCU) exSHEIR, &8ropidndddngd ﬁ‘lllﬁ 1) _ﬁl&l?’é%@}ﬁencﬁ@é cRNRTRLE te)le%iégfjforré%lcﬂ&o’ by

its structure, nmay deScribe splitting of the LCU intd sub- . Assune that
LCU 172 hawfaidsp detagiin2Nonbilit@iestirmaes fon cadhi ynexagphant. Whs pfobabilisub- CUs

176A-176C (sub-CUs 176). and, .17 ach of size NxN. .Sub- i s, fur.ther
Sobi o 1 nt o T Y anticd0s ikdihiont P i SerRh )t S aTH T 6 RPbelis The
structure ektiuadinag®c rdudearwigsPepetbabity MR dsIPhis kdfegedfo ak@WodtéZs 1 n this
exanple. That is, root node 152 corresponds to LCU 172, |eaf nodes 156

cor r espond masiel yBntapy cnyeding yaie 54 51py seleelesgrteis mogekphdateymiriag capgxy eaf
des 158 t - ClUs. o d r.ee 150
e 158 SR FARRIE R S bl A R LR ARy SRS L5

is split, fmodel Bddiihedfvaladhog@sexiayfibecqaigshakyitix gumeht; eerdfy®ncdding ome
exanpl es, a naode of a quEdtree may be inplenmented simlar tg the foll ow ng
C

pseudocode:MNHREdePeRdatsdhe seledest edexd pradel hasegypn #n agtpalyipsof ithgsyatxa

element to reflect the most current probability estimates. That is, for example, entropy
encoding unit 56 may update the manner in which a context model is selected to
transition to a new context model.

[0102] Following the entropy coding by entropy encoding unit 56, the encoded
bitstream may be transmitted to another device (e.g., video decoder 30) or archived,
e.g., to a recording medium, for later transmission or retrieval. Inverse quantization unit
58 and inverse transform processing unit 60 apply inverse quantization and inverse
transformation, respectively, to reconstruct the residual block in the pixel domain, e.g.,
for later use as a reference block. Motion compensation unit 44 may calculate a
reference block by adding the residual block to a predictive block of one of the pictures
of reference picture memory 64. Motion compensation unit 44 may also apply one or
more interpolation filters to the reconstructed residual block to calculate sub-integer
pixel values for use in motion estimation. Summer 62 adds the reconstructed residual
block to the motion compensated prediction block produced by motion compensation
unit 44 to produce a reconstructed video block for storage in reference picture memory
64. The reconstructed video block may be used by motion estimation unit 42 and
motion compensation unit 44 as a reference block to inter-code a block in a subsequent
video picture.

[0103] In this manner, video encoder 20 is an example of a video coder that may
perform a method including determining prediction information for a first block of
video data, wherein the first block is included within a coded unit of video data, where

the first block is below a top row of blocks in the coded unit, determining prediction



I f (split flag) { quadtree node child 1; quadtree node child2; quadtree
node chil d3; quadtree node child4; } 1 The split flag value may be a

one- bit wabueiwmpseesent ati ve of whether the CU correspomdirnug2dio/ottees curr ent
node is split. If the CUis not split28 the split flag val ue

information for a second block of video data below the top row of blocks in the coded
unit based on the prediction information for the first block of video data and without
being based on prediction information from the top row of blocks in the coded unit, and
coding the second block based on the determined prediction information for the second
block.

[0104] FIG. 3 is a block diagram illustrating an example video decoder 30 that may
implement the techniques described in this disclosure for entropy coding video data. In
the example of FIG. 3, video decoder 30 includes an entropy decoding unit 80,
prediction unit 81, inverse quantization unit 86, inverse transformation unit 88, summer
90, and reference picture memory 92. Prediction unit 81 includes motion compensation
unit 82 and intra prediction unit 84.

[0105] During the decoding process, video decoder 30 receives an encoded video
bitstream that represents video blocks of an encoded video slice and associated syntax
elements from video encoder 20. Entropy decoding unit 80 of video decoder 30 entropy
decodes the bitstream to generate quantized coefficients, motion vectors, and other
syntax elements.

[0106] Video decoder 30 may receive the syntax elements at the video slice level and/or
the video block level. For example, by way of background, video decoder 30 may
receive compressed video data that has been compressed for transmission via a network
into so-called “network abstraction layer units” or NAL units. Each NAL unit may
include a header that identifies a type of data stored to the NAL unit. There are two
types of data that are commonly stored to NAL units. The first type of data stored to a
NAL unit is video coding layer (VCL) data, which includes the compressed video data.
The second type of data stored to a NAL unit is referred to as non-VCL data, which
includes additional information such as parameter sets that define header data common
to a large number of NAL units and supplemental enhancement information (SEI).
[0107] For example, parameter sets may contain the sequence-level header information
(e.g., in sequence parameter sets (SPS)) and the infrequently changing picture-level
header information (e.g., in picture parameter sets (PPS)). The infrequently changing
information contained in the parameter sets does not need to be repeated for each
sequence or picture, thereby improving coding efficiency. In addition, the use of
parameter sets enables out-of-band transmission of header information, thereby

avoiding the need of redundant transmissions for error resilience.



WO 2013/ 012867PCT/ US2012/ 047073 33 nmay be '0', while if the CUis split,
the split flag value may be '"1'. Wth respect to the exanple of quadtree
150, an awoayiof&pl it flag val ues may be 101000000. [ OPketjusési2netoesl above,
CU depth nmay refer to the extent to w9 ch an LCU, such as LCU 172 has been
di vi ded. For exanple, root node 152 may correspond to CU depth zero, while
node 154 and | eaf nodes 156 may correspond to CU depth one. In addition,

| eaf nodes [(ilél?l FeNFoRY Fpesieninit &) ey be parHiaugs sSindpdy i Gigropy cREIE Wit thi s
di scl osur €5 (ge?ajl‘t%rd a-EHV(?ﬁHBI?es tpgldgﬁ%ﬁico%l%r SOt ere. f%ror@ Qy codi ng

certain syntax ement s. an exa pur poses of explanation, one or
nor e synt axngbgnertis ass8Cmay edcati atdmnteeamodddbatb@&&tmga coeteentordepydec oded

using a different context. nodel de 158A, because. | eaf node 156A
5 ocat ed SHEURRAERCBIE vitht Pook aL7 i daes S8R Pt BbsERUmARTHRAHY, wo.
[0122] Whi |eﬁtr5]%ﬁiec6&b bddh%?ﬁﬁaé%%e%ﬂfo@’é%k%ﬁﬁde%a@e&& tbB&ilityt Shoul d be
understood that” a simlar " quadtree may be applied to TUs of a leaf-node CU.

That is, achkaitentadeadibymtax dlersénide a TU quadtree (referred to as a

r esi dual t hat crr partitionin r theCU A
e huadt r odofod HEehy Hocind Bl AR A AL Rl SR b sy

quadt ree Mayensdn@lprédidtion-uwiesti. Whenthmm sﬁ@é 1swaecp£s dnhﬁtrﬁdodarkﬂyslﬁeal ly.
[0123] According to sone asgects of this disclosure, a video coder (such as

vi deo encodetfa podighen rit $4 gbpredistioriunit 8 mavmgneratcaedistionylataifos givigeo
f
| or ] oL Rlor MRl O AREsh L0 RIS L AILORINAD a0,

t he video e@dermmprcdﬁblermmdwdﬁe@m ot byoan indéotonaiotien ohoof ththeighbdriC based
on nei ghborin such as subh%l 176A. I n some exanples, the video coder
G

may avoi d &&cgr)rﬁnﬁl datp fEerB AT REQUS erdRlesksrp rs%r‘seerreahpleer? aerile’Préheg‘ﬁ i ng
, such @%a&le%/@od% agglp?[)éﬂ"&)dé&'ge% W&Gmﬁer oe&f:&r fo‘ﬁrﬁﬁ cts of
I bed in t al ow

thrs di scl osure escr r €at’er eo coder may
determ ne pif pchduttlronrmn1tr8ﬂqxrmﬂa,tce$pred$tmgblabkn/ﬁef merdgbﬂndmkmgj tlﬁ.dsr,rreptmle(ded t he

information,.for t bove- nei ghbori does not bei n stored to
L o rerbut i Bastd Sa TR S a e R e tee e Foranioat sl oeur .

the video cegRfingmwit %t?ﬁé@@eeﬁc@ﬁbsﬁg 8y bOHRUIRI Rfin bRE 0SB &tk d8C based
on the above-neighboring sub-CU 178A, because the above-nei ghboring sub-CU

178A i s | ogatterds withirhenesditee H_G@wer(qe Jectyrellsty. Vigdyo deeoden30aury g@Biru¢tiihg omre
i thout - ext SPRarS BRRPERFRgM R gl Bl RefF bR Sodoi ng 1o
aspects of rébichcépiethr@suded it RErv@gactGRABEMEM2USe predi ction

[0110] Motion compensation unit 82 determines prediction information for a video

block of the current video slice by parsing the motion vectors and other syntax elements,

and uses the prediction information to produce the predictive blocks for the current

video block being decoded. For example, motion compensation unit 82 uses some of

the received syntax elements to determine a prediction mode (e.g., intra- or inter-

prediction) used to code the video blocks of the video slice, an inter-prediction slice

type (e.g., B slice, P slice, or GPB slice), construction information for one or more of

the reference picture lists for the slice, motion vectors for each inter-encoded video

block of the slice, inter-prediction status for each inter-coded video block of the slice,

and other information to decode the video blocks in the current video slice.

[0111] Motion compensation unit 82 may also perform interpolation based on

interpolation filters. Motion compensation unit 82 may use interpolation filters as used

by video encoder 20 during encoding of the video blocks to calculate interpolated values

for sub-integer pixels of reference blocks. In this case, motion compensation unit 82



WD 2013/ 012867PCT/ US2012/ 047073 34 information associ ated wth the bl ocks
an LCU without buffering the prediction information. That is, according to
aspects oklotbhizigsescl osure, the video coder may deter m meTseai2oti00n
information for sub-CU 178C based on 3he above- nei ghbori ng sub-CU 178A

wi t hout buffering the prediction information of sub-CU 178A in a line
buffer. [0125] FIG 5 is a djagramillustrating exanple nejghboring bl ocks
f r om whi ch MYRSEMEhapterPiRiipn fifsddsehly B er@dai HEHORIBHISCAVES- codi ng a

bl ock. For sglﬁtgg@feﬁleafggﬁg ISe %%?ﬁtg%)wal?ﬁﬁ?ﬁteﬁfto ‘??@Hugg @'lte' Rive hoﬂ)%ks.a vi deo

decoder (su as Vi eco IS curren oding a syntax el enent
i ndi cati ng [&l 2drAdcoudigy topispatitcdfi tbis diwtbsufcemgtipon asmpartsa@erpuretiZTmaphnmode) of
pi xels within curregt bl ockf 180. In this exanple, .video.decader 30 ma

i dentify t K& AU OHMOHPR BN HOHeS St MONPRBEYRSnE GAYSII Y BN k> 182 and

| ef t - nei ghbptdiAbnkiReHonsSdr dtRedBiBhMIAEL frANhESAbIRE Hidt&s Btk fselffeint ax
el ement. Accordingly, a context nodel used to entropy decode the current

synt ax el erering degodehep divd coamplherathet than getedtniningam Modesr ro¢rge candidate for

R L
i ntrapredi ¢bndbnsABELEni0R2 ahg\RtcnBirgiheidnafdhats b3 dcesithd B tuneitdiher i ng

bl ock 184, so that such data is avail able when perform ng intra-prediction.
For exanpl &asedidepoiitiimagon frain lsftareeshbpeng hloeks Jnetics exanples deotion

above- nei g (o - - [ ' f.fer e | f a
pi cture co%? lgllp %Ilﬁﬁtglg%ﬁ%% E%%%ig T@!ﬂe?ﬁotﬁ‘%ﬁ%{ égﬁ]{or?gﬁep@e |n§: ?8%%%@8% S
avai | abl e tdatalfeornaedb@s-ighbexihg blck cadionly whi atulddm dlock8a syOBBER of

However, as video resolution and the width of franes (e.qg., the nunber of
pi xel s frofhi{dhend Bejagpye-agg nabgqc\kéﬁ TW’OF%S‘FP%%Q}J(WIH@PEQ%? the amount

of data thakyhslestRbRh doth tioh it BRI Th K infHl GRert BHERRES $OngL-exanpl es,
as noted a%oaillel,§ e%ociggloq‘o \Piteﬂ%ollohglt htgas és?’rnlanﬁJl éges gxf Eei%xeﬁlsléské ’ggb used to
code a pi ctsamplingdsnterpobtianydnd, thalildd 20" 4R EDeinxgtatei detank elgwe) ©.redifoerthe 080p

video) may inclu a.w dih havi a n S. 495 bl.ocks of 4x4 pixels. Each
bl ook may AEPENES! matign R on s hudgred Righe Sty b 35 pot ent i al

i ntra- predigf i3p IBHRS: to\UsHRPs SFRRRARICI03reMRYraSHrOdiBtidPurliO8 Sinty Bkdisthef
intraprediction information for each of the 495 bl ocks. Accordingly, if
i nt r a- pr ediagouohofrmygdistidnoinfassatiomn| cas kintyh-nzpdgidetaw fremarachboung locks that isne

buf f whi i,n th pl €. sh in FlG 5 includes bl ock 182). vid
decoder 30 tayHaFREARCEY FERHEP wecined def ulE e MR ol ot dat o
to the |inendusftbes curtéht Biikk DhgrdionGhiti-enirs defa fidth sbslicstdigbarifg BRRS al |y

relate to lLimting the amount of intranode data from nei ghbori ng bl ocks
that is bufitter-pgdgtien npit o maygletermiie 4 mostpsphabtesingp-moge for decoding the

2013/ 01286 7 RCTh YRaQ ek A PR a3Rodes of left-neighboring blocks. That is, for example,
intra-prediction unit 84 may determine a most probable intra-mode for decoding the
current block only based on intra-modes of left-neighboring blocks, without
determining intra-modes from above-neighboring blocks. In other examples, intra-
prediction unit 84 may determine a most probable intra-mode for the current block
based on data from one or more left neighboring blocks and an above-neighboring
block, but only when the current block is a sub-block of an LCU, and the above-
neighboring block is from the same LCU. In still other examples, intra-prediction unit
84 may implement other techniques (e.g., sub-sampling, interpolation, and the like, as
described in greater detail below) to reduce the amount of intra-mode data that is
buffered during decoding.

[0114] Inverse quantization unit 86 inverse quantizes, i.c., de-quantizes, the quantized
transform coefficients provided in the bitstream and decoded by entropy decoding unit

80. The inverse quantization process may include use of a quantization parameter



this disclosure relate to limting the anount of intra-node data that is
stored to a line buffer for use when perform ng a nost probabl e node
derivati om0 28s/0descri bed in greater detail wi th respect pco/usk&2/o70and

el sewhere in this disclosure, accordidlg to sone aspects of this disclosure,
a video coder (such as video encoder 20 or video decoder 30) may determ ne
a nost probable intra-node for _current block 180 based on | eft-nei ghboring
bl ock 184 cakulggadbyaddepncaderfrfar epcheideodieckiaithmpas Hisehe BeRENINgd shown
0 the exauh el ofinttzaft ik BAte BARELORIRRAYGLARIANGRHa Rl Gk 182 1
this exanple; the video codef nmay avold storing the Intra-node o
above- nei ghpplié¢dng bl ock 182 to a line buffer, because the intra-npde is not
used to detﬁtgﬁqe t he nost probahl e ingéa- de for currepnt bl ock 180.
[0129] In & BV FTESTOTHEOGHSYBS UR'h Ppﬁr’lgf‘ﬁ 30 ST HESTORE: §-Bt PA- node of
current bl ggkerd89chaseidvale ﬁ‘@é’g\é?trgﬂf&lﬁ? @tk an&g%ﬁﬁy 1Bdilar Per@ansOREN
above- nei ghboring block 182 is fromthé sane L as current block 180. In
such an exanglcss, tq the tiansformodefitisntsai ondsr treprghiasrticsidudd bbosks i8the pingl be

avail abl e (w t hout bei.ng, stored jn_.a.line buffer ecause all information
of an LCU &SH}a%i/%%ﬂof‘i)n%Patﬁ‘F 3%?68{56’531?%8156188?1“8@“8‘%“‘? ﬁ@sﬁ%@ prpgessing unit

above- nei gh¥gahdyndbtdthekthd S2inhsr ih vttt sliskdaisenire bfplicdhe Y& uRE] ddtheThat a
associ ated wi th above-nei ghboring bock 182 may be included with the

di fferent Lefprexagple, inyees tepsfornarascssing wrhy® mag defeeminglay RQhthehat

exanpl e, t ' - r - - j requires
rrermmr)y resgigpr%%g%glrl]%&%géergﬁ é’g %ﬁga\?éﬁ’{‘g %grgr Pglhl?(lzdct) e%gra@gwe%g degcri bed
above. A varahsfoymadr ot loemoreothor s formapwaespplibiew thetgiuan@yaabsplcbe used

to reduce the anount of predictive information that is buffered during
vi deo codi #§d thegesdyal ehrgmagsamples agsogteivith P%&qﬁﬁ?‘ﬁfgwlset@%data- mot i on

vect or pregj r dat ; ] I reedict

tect or P eHEIRARANAASIRGNoRE] 85 TLAGIPHLIRNSEL o BB E LAY
coded, not ivodeoibddakrbmatd amthe enagion vactont dandrothercyorx elenenissvidgo dedodei Hbnt al
conmponent and a vertical, ¢ onent, notion vecitor |Indexes, prediction
o ons M0 e Vet R B Srnmlia e fesihat REh D OB ke AR tFaRtionag | 1.
and B2 may phsecks@tutiPsPatlited cofRkpail @ﬂijt’dﬁ{ré Qlﬂclisogelngrla%kbylrﬁ&ioﬂ n

addi tion, notion information associ ated w tenporal co-ldcated bl ock COL
may al so beompersation pried?.cBumuic BR rdpndsontyahd eomfopentiyir gorpeBAY bay. , a

co-l ocat ed hl.ock .i.n a reference. pi re T nei rin | gcks Ao, Al,
o, B andH i BB GRFGiCR B ity PR RLBIEL G e Bl or
predi cti on filRBhegRB&IAIVIdCckben biRtbeloreotl Obloekiavisastifabki Ofhdr &sdpifiltdps edi ct or
candi dates. . WD 2013/ 012867PCT/ US2012/ 047073 36 [0131] I n some exanples,

t he noti on (Gigher 8 the cading denp arafigr harceding hesm may ayoche wedrgsrpeoth gist i fi ed
when perform i LCEH] g . k an MVD
or per for i eftg ot AakSic: RiprBf el Sl dRubinO Tho PEIITLBEREELINE B0 M
i denti fi ed givarpi@ercfane thengton®t igecibgiec pivchroichmny 920bioich poedircfetedoe  That
is, a video coder (such_ as video encoder 20 or_ video decoder 30) my

i dentify aPityreepediosBbseucATPENN cupreasatipne Retsehceuricdasaryi9gralso

per form ng : g i t LGl [0132]
o per for i e e R R B e e P B b uPlee
encoder 20B2md¥IGnl.tially determ ne which notion vectors fromthe notion

vector predjctor candi dates ,are available to rge wth bl pc 88. That is,
- some | nab i e S e ViR forRi it o PR Car s bke SsrofhEhei on vect or
predictor g@f}gﬁﬂ' aheShdBMclReingRRMAN AR SredidBoh MfolnRtiof¥&MPfiRt bloBeofot i On
vector predictor candi date being infra-coded, not yet coded, or

non- exi st enidepalatp, whereen e figrbdocdfis trignded widin g eededrungrod didsp sletag whelicdat es
are | ocated | ather, picture or slige). . .Video, encaoder 20 mpy.construct a
ot on vecdst of BRPERpRhE h el fadin e’ Si% FIEX St MEERT ol 'obi o
nmot i on vectigorRataa fof 8kcoad Bl0dR0E video dk& . beldM &3 topFdvesf sleestin tatdoded t he
candidate list, video encoder 20 may select a notion vector fromthe

( : y : .
candi dat e [ungtbaged auethe peedicsion ifermytondar the dtrgrbledsrofaidaoatata andowikhorpo. | n
sonme exanpl I i O T i 0 A t
candi dat e Ibigg1 %F}%ﬁ%?ﬁﬁﬁh es t g?ﬁ%fﬁ%r%%@ﬁ“?@%“ﬁ?%c‘{?d%@m’fﬂgt IS,
vi deo encodeding GhawygosEbleck bishé onthid duteréaddgiredittion infeermadow fatahesdebsd
accordi ng tb?oci rate distortion analysis.



[0134] Video encoder 20 may provide an indication that block 188 is encoded
usi ng nmerge node. For exanple, video encoder 20 may set a flag or other
synt ax elwomnis/iesb7cati ng that the notion vector for bl ech/uk8@:2ios7ops edi ct ed
usi ng nerge node. In an exanple, vide encoder 20 nmay indicate that inter
prediction paranmeters for block 188 are inferred froma notion vector
predi ct or candi dat e lxﬁsettlng nmerge fl ag In this exanple, the

x0 .
array indi d8EI8LEIGyoHvayd dBes «Fqnc‘emahdé%%%méﬂ}%&@ﬁnwexampiw adiee [t | uma
sanpl e of %H&agbﬁgép%flgﬁglﬁ%lg%%o& ﬁﬁl't‘f’s‘*‘z._tf’ldh%& Eféxa é&l@%k?s@f the

picture (or slice) tron, in sone eo encoder 20
may provi devlach inodidzs nadlerntirfinygedgn 'ahmrarehigalrfgshﬁandTltbaqlmdfree)lﬁ()mirmycbe bl ock 188

inherits its notion. vector. or (EX x0 ma ecify
e’ rer gi hg AR TP DB e T a2 g Prir MEVC ety g
candi dat e Ifagt ngiidin 80 sudhOas 88 dd 1%@ ﬁlﬁ? bk QG&fi 'n@ﬂe (%4 mo%@ld&fl o0
2013/ 012867PCT/ US2012 047073 37 the top-left luma sanple of the prediction

bl ock r el athevefauo chilkbnadsp- Inetht ckample o9& i et Aofquadiecepl tineladgsopotsiade d$2.

[0136] A video dec suc s video, decad 0 formsjmlar steps
Lo Taentt { JOPRRSEEERdhs SRR Rl CHRATEAE nodi LR ABRG BHERRT 888 o
exanpl e, Viad@aogerndeBecdtsciRyc 164 & nee a@éhfinﬁdé Geté oY fndRidePfcRE khilBRodes,

predi cted using nerge node. In an exanp vi deo decoder 30 may receive

mer ge fl ag Ybid] tbis cxgmpleeareiaf nodys 1§|§écﬂ5§D(1ﬁéf11Q§1§%1ﬁ&)n of the top-left
| uma sarrpl 20{ ! u%ﬁ{%gé‘ﬁd“r% u)%rglcﬂld%' Elld fs&%‘t%]gfclgl C(E&‘}SU?J oftab?orpesﬁcq{(@{ﬁ% on bl ock

relative t sanp ure (or s
descri bed mnghnb&&pg@hu(DCUMmadsanD$E§72hﬂ&niemhqﬂquE@wﬂES@kih@ﬂm@bove may
al so be perforned for chromm Saq§§E§ [0137] Ln sone exanpl es, vjdeo

I
decoder 30 !REyPYsiEattictuie Mt e 5 larngp}fé%ﬁ k¢ Bringebrd e A thdfe mot i on
i nformation qf 1*7@535%1% SEhex A Oﬁéuwﬁhgﬁhfa%aégﬁ%m{qlb%@%ﬁ;@dtj§1761:{ the

motion vector predictor refers to a predictive erence picture
that is | odab€dsubrCHs di76)adelTd, taehpbdsiat NxOC fubetiUtlTdns funthepspditlimad fog bl ock

Vi deo decodtiCho i -Soap LSERCUND (oD AREi NoPeRPer o STRIR< LSS vi teo

decoder 30 I%Béoﬁés%bﬁdsttb%é'fﬁﬂit@rfg Nﬁ%@nmrﬁ@m@%%mﬁe trhatis | rbotrrﬁa‘d@rlszt o the
same reference picture as the reference picture for block . I'n sone

exanpl es, @pﬂeSPOGéft‘@deGUQW neaf noded BS56 drerespanidon su‘eéﬂl:sr”ﬁr @uiedﬁér accordi ng
to a dlfference in der. (R val u | ecting the
not i on vect8?'%?8$i8§ ﬁ%ﬁs %ggngg?’ @m; %ﬁ%VE%QPgi ? &ﬁ%g§§n i nformation
associ at ed [ 20 Ddreforabli@no\Redede 130 cdRerivd Whethdiah&OU @irckfnaingatbi on for
bl ock 188. [0138] In addition, video decoder 30 nmay construct a merge

candi dat e Ithespodefapplix Hiipe €U istlil fate eddipna podesymprebepigecny Heduidtigor e
syntax el enggt éo%nege Sﬁcdlés%}lo@‘(gfeo AhalafiGe %Haﬁiggnﬁgl%ﬁl‘éﬁteﬁﬁﬁﬁﬂ & uRval ' abl e

for notion vector t1on coder constru a merg

candi dat e Hbﬁ@wh@@@d@@ﬂxkhe received flags. If several mer gi ng candldates
have the sane notion vectors and the sane reference indices, sone of the
redundant mer gi AYAEEYIR s may be renoved (i.e., pruned) fromthe |ist.

boolean split_flag(1);

// signaling data

if (split_flag) {
quadtree node childl;
quadtree node child2;
quadtree_node child3;
quadtree_node child4;

}

The split_flag value may be a one-bit value representative of whether the CU

corresponding to the current node is split. If the CU is not split, the split_flag value



[0139] Video decoder 30 may identify the appropriate nerge candi date
according to a received i ndex. For exanple, video decoder 30 may receive an
i ndex i dewoizbingssthe mer gi ng candi date from whi ch bl oclect&820mberoris its
notion vector. In an exanple, nmerge i¥@x [x0] [y0] may specify the nerging
candi date index, which identifies a picture in merging candidate |ist and
where x0, yO specrfres the | ocati.on O of the top-left |uma sanpl e of

the predi ctarPeoPoc¥hiledf feiGld s plit, rtlée %ﬁ ‘tahrelm%y lzear%pr dithrregnest §9ithe ur e
(or slrce)exa gag&g&%g@aFggg 3%&%@@9%%97 g 3% Odbéylﬂ | ar process

may be inplene te €0 enco er 3 to perform
not i on vect{or21p rAesdtottd:d v dEUalep:thrmagmefdn tothie e@fenviodehlckﬂam aC[F(sucheasarrpl e,

vi deo enco initi. deter ne whi tion vect m t he
ot Ton vootdnU 172 Bhes dlidiet Yool B pTs ol il Ty B ied R A "Vt i on
i nformati onefy %l@ﬂ@d@[SMd%ﬁfnoh&el%h@&‘oﬂe‘%ﬁér{t{ to@l@%ﬁth%e CangiG@des may

be unavail abl & due to, for exanple, the notion vector predictor candidate
bei ng i nt r dead odeeh, 15r80nayy@trrespxm1ctp CdrdrmlrntW|ét:@ntllngeQ @pectﬁofthlstcl uded in

the pictur sl i abo ocks in a picture
or st ce) oAt 68 it e AR R3O RePrlstP bt oD G rlthor

candi dat es sgiitex akaich@bIIg an ¥xH8dle wd@rsei@f df@létn@tn@ﬁ WE€ ool Ghtdkhe motion
vector predictor candidates in turn according to a predeterm ned priority

based schemtemangyassacipd withflenf nede hSGfomip e geisenyt codee using o diféeipricaniest
vi deo e”CO‘?I?Jdef%aH’t"ééf%&e An%ex\ﬁ?%ré%n(ﬁcﬁe %B,t ?&at’e%%t@%ptﬂrﬁgv@fféﬁ dgef ers

to the sane reference prc ur é as e ac £ion Vec 188.
the notionneect SBA pyledited atrdepgiftaios to the sane reference prcture vrdeo

encoder 20 nmy add the nDtron vect or |ctor candi dat e

candi date Il 9152/21 Whilg KIS oy il la?rr%“c%notxamp fa GV %rafétgeentttsh?@gér ufléﬁrﬁtﬁed sane
reference pig ‘étrﬁllartqgt%dt?&%%[‘ t(pE f%ge’f%é(e gﬁr st Rda (G Hode Scal ed
based on POC di stan as ove efore being a de to the WP

candi dat e IG$may[ifddd]a Wtqmadte&r(e@ferrecbtocas-al rogdta duind wek(RTLL)) that dedveibes

co-| ocat ed block |n t one, noti on vec redic .g., COL
s predi ot agrennedtiigs efged T ARt re SbF aeBriihes bF et npor a
mot i on vectQEeiRdiHt il quaRce grwgﬂaputﬁaepr@drrsﬁ&mmtrés%r and o e (cur r ent
reference picture (for block 18 Vi deo ‘encoder 20 may then add the

sel ect ed t empoidadllyrot i on vect or predrctor to the notion vector predictor
candi dat e | 014 Vi deg enc t hat nore noti on
vector pr ed) AT e, 0P RRsR BRIt RE AR WY, E0 ke 0% R 2P Vil 1 Do,
After buil ghegiet D@ as@bEiidas €edotist30) ﬂ@&@t&meeqﬁédlat@omorﬁehe@fo@ diehon
vector fromthe candidates to be used as the notion vector predictor for

bl ock 100. blaskdwpasd eneirpicden inforgragios Hogetagongighposiap £44s- thies cxample ditt e

d
20 my &1 oAalerRe L an APPSO RS A AT RAR e pe S A HRRE T

flag) that fodeibtCli168CHaedPeighbbhieg Candiudatae siibh-EU 17%’@{ E)@ameleeampled,eo
encoder the notion vector

20 may. set 10 fla yQ to specif

predi ct or ﬂrr‘deﬂ%ro gtayevowgteemmng gr@delae% Pt@“%%’@n%éﬁf‘&tqndr’?“(l% yO of
the top-|eff; (%hH%gséfﬁgl RicRhs IR %&ﬂ ?le 7RelRiveVEr, tdQcotrJﬁﬁ%ttd)p left
| uma sanpl e icture. In anot vi deo encéoder may set
mvp 11 fl agppect c]f[thly (dls}:lo'suresqmtcschbedhe gmaterr dntaxl écloor, thpradéactaaler may

determine prediction information using above-neighboring CUSs, provided the

information for the above-neighboring CUs does not require being stored to a line

buffer.

[0124] For example, according to aspects of this disclosure, the video coder may

determine prediction information for sub-CU 178C based on the above-neighboring

sub-CU 178A, because the above-neighboring sub-CU 178A is located in the same

LCU (i.e., LCU 172) as sub-CU 178C. In some examples, data associated with all CUs

of an LCU is available (e.g., without external buffering) while coding the LCU.

Accordingly, according to aspects of this disclosure, the video coder may use prediction



WD 2013/ 012867PCT/ US2012/ 047073 39 index of list 1, where x0, yO specify
the location (x0, yO of the top-left |uma sanple of the candi date bl ock
rel ati ve wo 20tsm1b8sp- 1 eft | uma sanpl e of the picture. | npsridskoanatoher

exanpl e, video encoder 20 may set nvp4lc flag[ xO ][ yO ] to specify the
notion vector predictor index of list c, where x0, yO specify the | ocation
(x0, yO of the top-left |um sanple of the candidate bl ock relative to the

top-1eft mlﬁfaﬁ"g%nﬁa %Swat@mltbﬂ&mws nd£48 ithouey fisring dias predictieny al so
generat e a fihh@fhn! Gels, MeblEHFRGRIA aﬁhﬁsws%sugfihﬁle'\o{&%o cCASti tute the

di fference between the selecte on vector ictor an act ual
not i on vectdoterthowe pbécbﬁion]iﬁﬂ)rm‘aﬁldefo)reuiozddiéﬂbm@os wlg:redobve-hmghMDmg t h the

det er m ne” ARG SFA SEBH e ae S eebel BERTHEPRG! SoaE A8

predictor. bﬁggr_exarrpl e, vi deo decoder 30 nmy receive an indi catl on in a
paraneter set (e.g., a picture paraneter set (PPS)) indicating that notion

vect or predfE25] ofG.$ ieadizigenn flbwstratre aremphy ecightoriog ®ockT fram which amash

Wen o par TGP B gl Pl R s R P b AR RO O ol up

flag equal ab@un#efepubfied &f &pRAGEOM itk WRaRoiddcddee (sueh 8¢ P6E dRioabis memory
may be nmarked as "unused for tenporal notion vector prediction.” [0147] |f

not i on vecteorrehediceding  systax ﬁbmﬁbmdwﬂngjp@ﬁmﬁ@l@épvdw@% meek (@88an vi deo
decoder 30 xﬁ%’n%l%g]{}%ﬁ&h%tdafa Rl pﬁ cql?%eﬁu') 186(@%815%%8 %rwgg [fgy use

t he same scC | SCUusse respec 0 Vi deo encoder

construct tdeeodWR0 ﬁﬁl@dﬂdﬁﬂfﬁtﬂeilﬁﬁra pledicsionenddes frafncadycvitighborilecstder 1830 may
perform noti on vector scaling si mlar to that described above with respect
to video eﬁeg&‘&n% Opt@gbé%éfﬁlﬁﬂéo dpterminggpRtgH 9@@1@@“5@@@[9@{46%6%5 not

refer to the, éﬁllﬁ?g& af&)(qj) £ oBLIGlsHd Foeﬂ“ftrg?gg%&d%Q& it B A-Cl c HEG LRy

predi ct or e.g., sca ed on POC di st'ances, as |scussed
above) bef collepertdem"tge addgaediotidthmolddd fabnk- daghbdrlngtbloc\w ldﬁécandé@feder 30 may

identify the. r.opr.i at tion vector predictor for block 188 using a
recei ved W@%ﬁﬁgré@é) Prab?&rgg) that identifies the M/P in the candidate
list. Wi deqoﬂm}%ﬂﬁﬁs Sy, ﬁ&b%meg@d&@@%eaytmermtuu@ﬂar H@cﬁ“irﬁﬁcaftl‘ﬂg i k- 100
using the WP and a recei ved MVD. [ 0148] shou be understood that the

not i on vecmdlﬁw@dn@d%pfemrmléobh@bb@kéﬁb\md lerﬁt -Riighboging boclrigdi wed f or
pur poses of nd. t hat .nor.e bl,ocks may be
oeh Tor pubESEaRegy RRvtnnR PR R RS mhEigindh. b R Sace

vi deo COderdeéchéEBO afy \btdile thea NE PRI 2 o déi ot @BoHer@EiHorid 0 blJTRY 83 04 €, or
buffer notion information for Ao, Al, Bo, Bl, B2, and collocated bl ock CQOL,

so that sudhebaffar that exjends At widgealer RiETUFRICQRIMIR bIckp &84-d3Hisagharthige mode.
For VO ZO%aQﬁl%ﬁﬁ?lﬁ’ﬁ{oH%Oa%{l%Z O Be used as context for coding current block 180.

[0127] However, as video resolution and the width of frames (e.g., the number of pixels
from right to left across a given video frame) increase, the amount of data that is stored
in the line buffer also increases. In some examples, as noted above, bocks of video data
as small as 4x4 pixels may be used to code a picture. As an example, a 1920x1080
pixel picture (e.g., for 1080p video) may include a width having as many as 495 blocks
of 4x4 pixels. Each block may have an associated intra-prediction mode. With 35
potential intra-prediction modes, video decoder 30 may store up to six bits of intra-
prediction information for each of the 495 blocks. Accordingly, if intra-prediction
modes for cach block of a picture are stored to a line buffer (which, in the example
shown in FIG. 5 includes block 182) video decoder 30 may be required to store a
relatively substantial amount of data to the line buffer.

[0128] The techniques of this disclosure generally relate to limiting the amount of intra-

mode data from neighboring blocks that is buffered during coding. That is, aspects of



40 exanple, the video coder nmay store notion information (e.g., notion
vectors, reference picture indexes, prediction directions, or other

i nf or mat iwo)otso1adsove- nei ghbori ng bl ocks Bo, Bl, and B2pcm/ums2éiznerobsf f er
that extends the width of a picture c®ntaining the blocks, so that the
nmotion information is available to be referred to during inter-prediction
of block 188. [0150] However, .as noted above, the anount of data stored to

the |ine b é}SCWﬁVG pelatedp Apitjrg (he |aawgét ofipira-gledadpia thayf is gorsd o adingi xel
icture (e: v as 495

Elocks o§ jgg&ﬁﬁﬁgﬁ;gﬁea %hﬁ%ﬂﬁﬁ pot nt |aqugﬁﬁggﬁgnpﬁsAgaﬁaﬁ%g?g%

i nformati orgreark&rrdetavle;vith tebmcetdﬁﬁ ﬁelnd&ISEWh&‘[ﬁ in dﬁedledomrp,l acterdeg tavamb abl e

for coding eac Accor . n all notion_infarnati each
bl ock of 3 SpREelis AERsties 0 reds (k8 i Sl 2 HetoBoisarta) be
required tha?cfé‘%&nﬁ’ner e?ﬂn@&t'p‘f@tl)%lesﬂrlgﬁirﬁé&e'fé} cARHBlcRi80IBiRd bR 1dhe i ne

buffer. [015 According to aspects of this disclosure, a video coder (such
as vi deo ermctgdibxorllm)block V$ties waddiceder oem)brmtileﬂ lpﬂantelghherlmwhlbeks sHopaat i ons
fromwhich.mption i ed far 0C 041 duce the
arount of drs Swpid PGS £t B B By b P &g RS i st or
exanpl e, r@kaﬁpbtm@&uﬁekaﬂahﬂgnﬁmﬂphb ﬂﬁﬁ@ﬁﬁﬁbﬁ@@fﬂﬁn@qwu§M0 Btk Mer ge
candi date) for coding block 1 fromall of Ao, Al, Bo, Bl, and B25 the

vi deo coder!8R#ga fiae bufisrabeasni the Nt medisinghuscd o Bitewring 98 wag bshlconl y a
subset of 0 ng to aspects of this disclosure, the

vi deo codeﬁmﬁiﬁgggﬁgghﬁﬁgﬂﬁggc%ﬂﬂ|nfornatlon for block 188 based on

| ef t - nei ghtpom9|1| dn bthet ksanfylesa it \Ad)eoacmdeﬁmajr detaltrmde Heaatca-Gdde ofgtirrerot based
on above nei ghbori ng bl ocks Bo, or is, for exanple, the video
coder eCE T IR0 PasSeenny %’HV?'H%PH%{EI}%O?%}S% becfwlwéie% ﬁwemfé%@oeﬂg

| eft-nei gh*%‘PJc'k 2% 6 Sth@éarﬁ@ﬂcﬁoa %ﬂﬁe&%‘l&&&ﬁgfoeqn%&ﬁéﬁ &er?alé Phel ifrs-
exanpl e, the vi eo co may avoi d storing t nmot 1 on I nformation

associ at ed mmderfoaﬁmwe—nn@hgmmg blngk b¥2>olkg bBayaiBhle (mthB@t ltedn@std)ned(m buhé er,

because th on |nf tionis.n sed to dete P or. nerge
candt dat e PHRCOORAG N JEPaan £l U atonus St lails e chtingRhE cader
may det er miey t FRLEM-hQBh bIMn@HIdHK 132 i fonbd &@ﬁé@%cbﬁﬁ@%% fBgaf@r nore of
above- nei ghbori ng bl ocks Bo, Bl, or B2, (e.g., in a ddition to Al and Ao and

co- | ocat ed apjogigkedcOith almye- I@rﬁhibomhoqkh]eg2ab@bv‘@e melughfbmthﬁi@e ¢iffgesos L&ke from
the sane L as_curre n exa tion

nfor mat ofCBoi fheRsLa S ks shlngho MBS AAER. B idS GRS B a1 avi
(Wi thout bed BEff&itaE Braiode, Whitd BylifEmMemi9ealsateeabhd maf arseptdvent of an LCU
is typically avail able durlng coding of the LCU. A variety of other

t echni ques pardlebeosding ofdeC Yo apdescibigd ahays. AnEretn o shadedhpares32012/ 047073
41

described below, may also be used to reduce the amount of predictive information that
is buffered during video coding.

[0130] FIG. 6 is a diagram illustrating potential motion vector predictor candidates
when performing motion vector prediction (including AMVP and merge mode). That
is, for block 188 currently being coded, motion information (e.g., a motion vector
comprising a horizontal component and a vertical component, motion vector indexes,
prediction directions, or other information) from neighboring blocks Ag, Aj, By, B1, and
B, may be used to predict motion information for block 188. In addition, motion
information associated with temporal co-located block COL may also be used to predict
motion information for block 188 (e.g., a co-located block in a reference picture). The
neighboring blocks Ay, Aj, By, Bi, and B, and co-located block COL, in the context of
motion vector prediction, may generally be referred to below as motion vector predictor

candidates.



be used to reduce the anobunt of notion information that is buffered during
video coding. [0153] FIG 7 is a block diagramillustrating exanple

nei ghbor iwg 2bi3maks7f r om whi ch prediction informati on maychasdetpsmrned,
according to aspects of this disclosue. The exanple shown in FIG 7 is
general ly described as being perfornmed by a video coder. It should be
understood that, in sone exanples, the technique of FIG 7 may be carried

out by vi dd®lHhdpaeme 2@%#138@@6 @oweﬁor@rewa@%ﬁné@@ts‘a shovgpiny .may and
3), descri hediaReue whkh B?rtfg'r%ﬁng XREBh §8ctol E\%dltcﬁ&tﬂ g&'s% UShQher': %eg‘era‘?lng% be

performed by a variety processor proc ing un
har dwar e- bad€D argdifogninginiaggs mole)adn etieo deamides; dd&arent (CAQESsy mapbe t he

i ke. [015 The vi deo oder may cur entI be codin i nt er-coding or
it £ - Codi AUEGS MURY PoTGERS JTesr Mot Tinken ier Pt el oA ey
general |y bB&&%Q%h%sQ&ﬁG%Bhﬂﬁg296@9Mh6HtheNyﬂQﬂ%Qﬁ&ﬂﬁ&@Qhﬁ&kﬁ&mﬂyﬁt'p|e

bl ocks of the video data, such as, for exanple, LCU; a slice, atile or

set of til esqtioa vsefor pfedwmf@fandldatss fagpedpymiog h@rrgq)medl@fhuanéu nenforminigat
i ncl udes ﬁU|HI Ie bl oc § of video data. Wil e above-nei ghboring bl ocks 194,
left nei ghbot YeR1P5RIE Cl@ﬁ and bl ocks 196 are generally shown as

undi vi ded tnbmzl}sro' perfoha rﬁéir'gé‘fﬁioﬂe Gh afrkample, d VidshendodelBuendariddoaddoddrat

such bl ocks nmay be divided into one or nore smaller blocks. [0155]
Accor di ng £28) egpéuitiallodeterniise whiskimefinnecciost fiem thoaation vegiordrediret i on

i nf ormat i OQalflc{lgﬁ%sae?rg\égalﬁ%iegtgg‘%r%é]glltﬂlb clfksl 8%941"hfa 1% 18%&!11@9113%&84( H‘EO%Q)P the

vi deo code I on

predi ction mfohﬁaitmtﬂr@ﬁ)oné boﬂibfeedﬂth@mogbboéat@@rbdhomkSaﬂcﬁ&tesl-'rﬁay exanpl e, the
vi deo coder may, not use data from above-nei ghboring bl ocks 194 or

previ ous| y U88eiablsdye ke faiosamplt, the motin V%&glpﬁ%ﬁ@ﬂcaaé}dé@mn& iBUayur rent

bl ock 190 g e t urrent
bl ock 100, et AP @R af Rk h 5, 58 ol iR Hofph TG b | ¢

pr edi cti on camfidatomdre dovafedrin ahéthﬂqnqhhmrl shge)b I\bdétser(cedg 20 ragy ednstmctlan FI GS.

5 and 6) is used durin odi ng., For ex xi mum LCU size of
Baxb4 p) xelWUTAT OB 0L R uicepaF St GO AR Gof BF I e DCOUE VS mmy
potentlalI¥K5Mm5@&mg@@§t@§%g0|ated with just 16 bl ocks of video data (e.g.
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the motion vector from the candidate list according to a rate distortion analysis.

[0134] Video encoder 20 may provide an indication that block 188 is encoded using
merge mode. For example, video encoder 20 may set a flag or other syntax element
indicating that the motion vector for block 188 is predicted using merge mode. In an
example, video encoder 20 may indicate that inter prediction parameters for block 188
are inferred from a motion vector predictor candidate by setting merge flag [x0][y0]. In
this example, the array indices x0, y0 may specify the location (x0, y0) of the top-left
luma sample of the prediction block relative to the top-left luma sample of the picture
(or slice).

[0135] In addition, in some examples, video encoder 20 may provide an index
identifying the merging candidate from which block 188 inherits its motion vector. For
example, merge idx [x0][y0] may specify the merging candidate index, which identifies

a picture in the merging candidate list and where x0, y0 specifies the location (x0, y0) of
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indicating video blocks that are available for motion vector prediction. Video decoder
30 may construct a merge candidate list based on the received flags. If several merging
candidates have the same motion vectors and the same reference indices, some of the
redundant merging candidates may be removed (i.e., pruned) from the list.

[0139] Video decoder 30 may identify the appropriate merge candidate according to a
received index. For example, video decoder 30 may receive an index identifying the
merging candidate from which block 188 inherits its motion vector. In an example,
merge idx [x0][y0] may specify the merging candidate index, which identifies a picture
in merging candidate list and where x0, y0 specifies the location (x0, y0) of the top-left
luma sample of the prediction block relative to the top-left luma sample of the picture

(or slice).
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[0141] To determine which of the motion vector predictor candidates are available,
video encoder 20 may analyze each of the motion vector predictor candidates in turn
according to a predetermined priority based scheme. For example, for each motion
vector predictor candidate, video encoder 20 may determine whether the motion vector
predictor refers to the same reference picture as the actual motion vector for block 188.
If the motion vector predictor refers to the same reference picture, video encoder 20
may add the motion vector predictor candidate to an MVP candidate list. If the motion
vector predictor does not refer to the same reference picture, the motion vector predictor
may be scaled (e.g., scaled based on POC distances, as discussed above) before being
added to the MVP candidate list.

[0142] With respect to co-located block COL, if the co-located block includes more
than one motion vector predictor (e.g., COL is predicted as a B-frame), video encoder
20 may select one of the temporal motion vector predictors according to the current list
and the current reference picture (for block 188). Video encoder 20 may then add the
selected temporal motion vector predictor to the motion vector predictor candidate list.
[0143] Video encoder 20 may signal that one or more motion vector predictors are
available by setting an enable temporal mvp flag. After building the candidate list,
video encoder 20 may select a motion vector from the candidates to be used as the
motion vector predictor for block 100. In some examples, video encoder 20 may select
the candidate motion vector according to a rate distortion analysis.

[0144] Video encoder 20 may signal the selected motion vector predictor using an MVP
index (mvp_flag) that identifies the MVP in the candidate list. For example, video
encoder 20 may set mvp 10 flag[ x0 ][ yO ] to specify the motion vector predictor index
of list 0, where x0, y0 specify the location (x0, y0) of the top-left luma sample of the
candidate block relative to the top-left luma sample of the picture. In another example,

video encoder 20 may set mvp 11 _flag[ x0 ][ yO ] to specify the motion vector predictor
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index of list 1, where x0, y0 specify the location (x0, y0) of the top-left luma sample of
the candidate block relative to the top-left luma sample of the picture. In still another
example, video encoder 20 may set mvp lc flag[ x0 ][ yO ] to specify the motion vector
predictor index of list ¢, where x0, y0 specify the location (x0, y0) of the top-left luma
sample of the candidate block relative to the top-left luma sample of the picture.

[0145] Video encoder 20 may also generate a motion vector difference value (MVD).
The MVD may constitute the difference between the selected motion vector predictor
and the actual motion vector for block 188. Video encoder 20 may signal the MVD
with the MVP index.

[0146] Video decoder 30 may perform similar operations to determine a motion vector
for a current block using a motion vector predictor. For example, video decoder 30 may
receive an indication in a parameter set (e.g., a picture parameter set (PPS)) indicating
that motion vector prediction is enabled for one or more pictures. That is, in an
example, video decoder 30 may receive an enable temporal mvp_flag in a PPS. When
a particular picture references a PPS having an enable temporal mvp flag equal to
zero, the reference pictures in the reference picture memory may be marked as "unused
for temporal motion vector prediction.”

[0147] If motion vector prediction is implemented, upon receiving block 188, video
decoder 30 may construct an MVP candidate list. Video decoder 30 may use the same
scheme discussed above with respect to video encoder 20 to construct the MVP
candidate list. In some instances, video decoder 30 may perform motion vector scaling
similar to that described above with respect to video encoder 20. For example, if a
motion vector predictor does not refer to the same reference picture as block 188, the
motion vector predictor may be scaled (e.g., scaled based on POC distances, as
discussed above) before being added to the MVP candidate list. Video decoder 30 may
identify the appropriate motion vector predictor for block 188 using a received MVP
index (mvp_flag) that identifies the MVP in the candidate list. Video decoder 30 may
then generate the motion vector for block 100 using the MVP and a received MVD.
[0148] It should be understood that the motion vector predictor candidate blocks shown
in FIG. 6 are provided for purposes of example only, and that more, fewer, or different
blocks may be used for purposes of predicting motion information.

[0149] In any case, a video coder (such as video encoder 20 or video decoder 30) may
store, or buffer motion information for A, A1, Bg, B1, B2, and collocated block COL, so

that such data is available generating an MVD or performing merge mode. For
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example, the video coder may store motion information (e.g., motion vectors, reference
picture indexes, prediction directions, or other information) of above-neighboring
blocks By, B, and B, in a line buffer that extends the width of a picture containing the
blocks, so that the motion information is available to be referred to during inter-
prediction of block 188.

[0150] However, as noted above, the amount of data stored to the line buffer may be
relatively large. For example, a 1920x1080 pixel picture (e.g., for 1080p video) may
include a width having as many as 495 blocks of 4x4 pixels, each block potentially
having its own motion information. Moreover, there may be up to 16 reference pictures
available for coding each picture. Accordingly, when all motion information for each
block of a picture in the line buffer is stored, the video coder may be required to store a
relatively substantial amount of data to the line buffer.

[0151] According to aspects of this disclosure, a video coder (such as video encoder 20
or video decoder 30) may limit the number of locations from which motion information
is determined for block 188 to reduce the amount of data that is stored to a line buffer
during coding. That is, for example, rather than determining motion information (e.g.,
an MVP or merge candidate) for coding block 188 from all of Ay, Ay, By, By, and B,,
the video coder may determine motion information for block 188 based on only a sub-
set of the candidates. According to aspects of this disclosure, the video coder may
determine motion information for block 188 based on left-neighboring blocks A; and Ag
and co-located block COL, but not based on above-neighboring blocks By, By, or B,.
That is, for example, the video coder may determine motion information for block 188
only based on left-neighboring blocks A; and A and co-located block COL. In this
example, the video coder may avoid storing the motion information associated with
above-neighboring blocks By, By, or B; to a line buffer, because the motion information
is not used to determine an MVP or merge candidate for coding block 188.

[0152] In other examples, the video coder may determine the motion information for
block 188 based on one or more of above-neighboring blocks By, By, or B,, (e.g., in
addition to A; and A and co-located block COL) but only when the above-neighboring
blocks are from the same LCU as current block 188. In such an example, the motion
information for the above-neighboring blocks By, B, or B, may be available (without
being stored in a line buffer), because all information of an LCU is typically available

during coding of the LCU. A variety of other techniques, as described below, may also
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for example, an LCU, a slice, a tile or set of tiles, a set of wavefronts, or any other
predefined unit that includes multiple blocks of video data. While above-neighboring
blocks 194, left neighboring blocks 192, and blocks 196 are generally shown as
undivided blocks in the example of FIG. 7, it should be understood that such blocks
may be divided into one or more smaller blocks.

[0155] According to aspects of this disclosure, rather than using prediction information
from above-neighboring blocks 194 for coding block 190, the video coder may only use
prediction information (e.g., intra or inter prediction information) from left-neighboring
blocks 192. For example, the video coder may not use data from above-neighboring
blocks 194 or previously coded blocks 196 that are not positioned adjacent to current
block 190 when performing inter-prediction or intra-prediction for current block 190. In
this example, the video coder may buffer less data than if prediction information for all
neighboring blocks (e.g., as shown in FIGS. 5 and 6) is used during coding. For
example, assuming a maximum LCU size of 64x64 pixels and a smallest CU size of 4x4
pixels, video decoder 30 may potentially buffer data associated with just 16 blocks of
video data (e.g., 64/4 = 16 potential left-neighboring blocks).

[0156] By limiting the locations from which context information is derived, as shown
and described in the example of FIG. 7, the video coder may reduce the amount of data
that is buffered for purposes of prediction. In addition, the video coder may increase
parsing throughput. For example, as noted above, a video decoder (such as video

decoder 30) may parse received video data according to a particular parsing process
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[0160] In another example, in order to improve coding efficiency and avoid redundancy,

if blocks L and BL have the same intra-prediction mode, a third block to the left of

current block 200 may also be used in the determination of the most probable mode. It

should be noted that blocks L and BL (or a third left block) need not be directly adjacent

to block 200, but may be one or more columns to the left of block 200. If block L and

block BL are encoded using Modes 3 and 8, respectively, then the most probable mode
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ot her - nunbapieTaing s iy abatS A s a o Pyl el dodod ¢ ha
the particul@fes FGRAEFHRE BIdcROMAY bk BIiRGRES. Shown in FIG 11 may not
correspond to the physical representation (known as 2-conpl enent

ari t hmet i c)[016dutWitk rgspent itamterfroediptionp oweion of foanrgicaratliding awathontweetoexanpl e
bit clippi shown .in. FLG 11, the maxinmimrange of a notion vector w thout
sub- pi xel (PG ndieating i a1y PRTEHRER MoRET Nertpn RetPenseies g

cli ppi ng maydibamg arrefeddrc¥ Glathel ih balréRredte AOme MRREhd pRRdREGH dBe@iohi (Git@ngiy)
[0174] FIG, 12 is another conceptual diagramillustrating an exanple of

cli ppi ng notdieingadtieh eieertedmmaliy to pyee(Ciguflileer Liponaxkaptprad for blogkte

rel evant i h&, rel.ati.v r.ge rslani fi I y be
cli ppod.  ThsEAPeERB: 260, B S plol @iiych i ShE iRy R SGHEY &
and one of i berspbndiet libé beffdiavactirdinged bypped of Mis disslparnt.fthealdey coden t he
exanple of FIG 12, the 1/4-pel or th ub- pel accuracy is renmoved and the
3 nost si giie SARMiondnigrRatioiisy aply bi@%%@%blaaaw @%ﬁ&cﬁ@smtwr ation may
be i npl eneqﬁ%ﬁnaﬁ EroPYSHRB e thfiﬁ?bfo@E‘PVGd fromthe nost or |east
significant bits (e.g., as shown Tn FIGS. 11 and 12) may be specified in a
par anet er 4@162] Auchrdase @rsoBieSxampRRShe p@bithd pdFfdEmai& loss @satiiagd amth

il lustrating, boundar of LCU. For exanple,. LCU 240 is bordered by

bl ook, 242 IR RE P SaRDEHE B mien Sor HEP CHEDET o CFIsamBRaMBdos nown

in FIG 13pylChbrédth AdutidiaemoRon BslfidatGUF o ddarhflatasSREw i@th@%&%glew th

bl ocks 242 and interior CUs 246 that do not share a border with bl ocks 242.
Each of thdablgs! bflowauvidagcedsy niaagsnersicadiidivad meseon qapdidaies psing evaslable

exanpl es, as_descri bed aboye vi deo. coder. ma aode, th Us of LCU 240

e b or e B OGRTToRREHh s Be ol pE ol oERRSLEPT T nr or ot  ony f rom
above- nei ghboring bl ocks. Prediction informati on for above-nei ghboring PUs

of CUs 246 may be readily available, as such PUs are included in the sane
LCU 242. However, in EA@i{Elo%NEBéWBM@tTiI&N CANPIRATER from

above- nei ghbor img_biogks 242 whenm coding pboundary PUspof —Co—244; a vi deo
coder nust acces@egﬁccﬁx i nforlﬁg\?i on from ad]drffer ent LCU than the LCU 240
bei ng coded. Ingorder to be| avadl ablegd) e.[g., w thout accesging a nenory
external to thewvideo coder the video coder mav _store lsuch

above- nei ghbori|Hg predictioh information t@vhliB.ieflouf f|gfrom BL

2 mvL0O A, ref0 mvL1 B, ref0 Generated
3 mvL0O A, ref0 mvL0" A, ref0’ Generated
4 mvL1’ B, ref0’ mvL1 B, ref0 Generated

[0163] As shown in the example of Table 1, a video coder may generate motion merge
candidates (2), (3), and (4) using the motion information from blocks L. and BL. That
18, the motion information (inter dir, ref idx, and mv) of candidate L and BL can be
used to generate the new motion candidates. In this example, mvLX Y may represent
the motion vector of list X in Y-th candidate, mvLX’ Y may represent the processed

motion vector of mvLX Y, refN in the N-th reference picture in a reference list. The



WO 2013/ 012867PCT/ US2012/ 047073 47 [0177] Applying this uniform schene for
all PUs of LCU 240 (that includes a buffer to store information for
boundary wWo0244286may ai d i n hardware inplenentation si pplriuseag/o4dhat is,
all PUs may access prediction informat4i on fromthe sane relative |ocations.
However, excluding data from above-nei ghboring bl ocks 242, in a different
LCU than the LCU containing bl ocks 244, 246, from bein retrleved during
codi ng may geedaed W%’@nalﬁﬁ?HH%UQﬁShB&’PdntTﬁlalﬁ lingaysboproduged by scaling. pifseting,

Voreover . - ShGh Ak A iR ARAKE DS ADRBRONMaaGS, 242 rom bel ng

retrieved codi ng may a somnim act of inaccuracies that
may be intﬂ&ﬂﬂ@éﬁhﬂeﬁm&xahpbm@Pb@ &khbmmﬂsddeﬂnkqh@UoZAﬂuiBhamemyﬁlnprOV|ng

codi ng perfornman IS data fromthe e hbor | bl ocks 242
form a bor ehork. BicahBERumes b be fiteres SO A G S OL Bt o ¢ ho
vi deo coden,|d@yr08! ddd thE RS, m&@g%r)/th%hgfhﬂes dQ&®ld v@ﬁ?@sﬂéc@% Merge he

t echni ques descri bed t hroudghout this disclosure may be applied to onIy to a
sub- set of nRids (of.,ansho®a inThedle |amayf g sisxlarip kpplicdie magiohvicgfaepreflistion i mi ti ng
t he amount of da%@ E}ored to aline buffer may only be applied only to
boundary c§"g Y LCU 240, which nmay need access to the line buffer.

[0179] FI Gofleb] iIFsGa9 id Metidt R Alaighdny fifusathtiniOex@uplahSotRERR bueRs frbar
reduci ng the anount of prediction information that is buffered during video

codi ng. TheviestupisHistiemauiprmatiopn@y beslctgmieddpasadingiebloek-bBer exempld. ng

f d h | ,
Phe tconni ARiordfiR RSl iq AT RHCHiRRe HRARNRY 2t ol RuBBRBIEES", o
and 2) or odeaescdenadsuraBfy ciﬂ:[bﬁﬁelghbamﬁg Bpcksde®crONeid] BRhONEL20-D28E her

exanpl es, the technique of FIG 14 nay be perfornmed by a variety of other
processor s BIf-BEH s%liwﬂg) %.Ipssonﬁa?ﬁa%ké-tb%@@ao E‘é‘éﬁfﬂwtﬂ%ﬁ‘%ﬂ% igléon

encoder / degogd %%&blogi%é{qﬂ%&b o[nQJcéf?lhmTtB%hé/Ieﬂ%%?&ﬂsEk grecei ve

a bl ock of VI uni t g., a picture, slice, ti set of
wavefronts codmbl Tﬁaels wkth)resfpect te mteIGq:IyilIIg)(thd’@laQ 26Hpn véa:tona:mhdrdgtetlcst aapect s of

this disclosure, th of vi osi.t.i.oned .Lop row
of bl ocks. (08 CORUUCBaL ke Scipvod St B Ay OF (e s HRR T bt | il ng
coded may Bepactsyhtfabddial tﬂeantrat%{daéﬁﬁomh& Bﬁlraaﬁyr%f leBLhAshrRbiay 8t ghbor i ng
sub-CUs. In other exanples, the b may be positioned at thé edge of an

LCU, such mhaﬂXaBQQéHméngﬁmUﬂmh@rmwbﬁkwagMDng to a different LCU than the

bl
it or mat  ond o8t R bR B8 OBkt 8 T R BREB RN hor e
ot her bl ockBownir the ceadeid o MG, 9, ity mse@aﬁ@@se@ﬁodaim@mlmglpérﬂﬁmm& oy of
t he coded unit $262) For exanple if the first block is inter-predicted,

the video cowsikladayithsetdrificnag redicsioniinfoapskan oicit-acighboring blegksy&etors, WO
2013/ 0128675%{31%%%%&69%@81 %s an intra-mode of an above-neighboring block may match

that of block 205. In other instances, a motion vector associated with an above-
neighboring block may match or nearly match the motion vector of block 205. In these
instances, preventing a video coder from retrieving data of above-neighboring blocks
during coding may lead to coding performance loss, as a video coder may be forced to
find a less accurate predictor. However, by increasing the number of left-neighboring
blocks from which data may be retrieved by the video coder for determining prediction
information, the potential for finding a relatively high quality predictor may increase.
[0167] In some examples, the left-neighboring blocks shown in FIG. 9 may be different
CUs that form part of the same LCU. In other examples, the left-neighboring blocks
may be included in different LCUs.

[0168] FIG. 10 is another diagram illustrating example neighboring blocks from which
prediction information may be determined for coding a block. For example, in contrast

to refraining from storing any data associated with above-neighboring blocks, another



48 reference picture indexes, prediction directions, or other information)
associated with the first block. Alternatively, if the first block is

i ntra- presocbesizgshe vi deo coder may determ ne an intrarooas@b/ottees fir st

bl ock. [0182] In sone exanples, accor4ding to aspects of this disclosure,
rather than determ ning prediction information for the bl ock based on
above- nei ghbori ng bl gcks, the video coder may use prediction informtion
fromleft- ﬂ@yg}%%ﬂwcﬁ&leﬂm&%fer flgfa SQyRECHSLARINBROSES (fal-| BIA=CREINGIWESHTang bl ocks

may be incl; gﬁg) Wik t%dﬂf% he n% bor | ng@lﬁtﬁﬁ%ré’iﬂ&ﬁ tGHIhE BE tiﬁ 'tﬁ%gex%%fedr ent

ot her exanp t he nei g ocks may be incl u In a
LCU than t h’.hoxbh acKl(e dbr eotk 91 bsicngeatbdedng dsledptvbidie hlbok/se212| lveboan exanpl es,

t he one or nore ther bl ocks ma ition d directly.adjacent to the
D ock cur T arigBerREd o be SRnas. Badishaf ITometogdy ey i HHngERert L om ¢ he
bl ock. [ Ol%tlolnrinﬁﬁﬁﬁﬁtlftﬁﬁ a%@ﬁwdewltﬁ becl! poin afd 2/1'4@%0}1'&%%1@3510&@ uge one

or nore blocks of an LCU, and the top row of bl ocks may inéiude one or nore
ot her LClB1n¢WbQ§mUwianabmahﬁﬁE, accordlng to aspects of thls di scl osure,

h id f t he bl k
e il et on TP FOL AT SLlhaR AR ik POPHER i kv BF p B ™' "

excl ude t hasdoeptddomtibloalRpyier ey Bhkerddng th 1arksffer. NThddgth the eRbiple LCUs) .
In an exanpl e forﬁﬁfrposes of illustration, the bl ock belng coded may

i ncl ude a Mhewe isEiSi. A0, predighon mprmaten epse it bioghdiditngay bo stscdray
| ud
ncl e on Bl PR es G A RhoRubROlhy SN Bhea

vi deo coderfrdﬂmmedﬁlbe)lufﬁeﬂewrhﬂedteodxlampld IRAGMR0 slows Wocksia 4Ai ahﬂtzlstye(ﬁlg usi ng

i nformati on based. on the second sub-CU, which |.s positioned above the first
sub- cU. [ oP8aqualpiein @thst exaraplenaiffersnt subampling p Hﬁ%ﬁ’s@d"&’i

det er mi ned tl@e[t%ﬁb\% LbAg o S&fr@(;mthgﬁre@?c%h infb atﬁw)ﬁmllc?cks 2p4 ﬁ)ﬁi&ﬁn@g% LN

greater detall ect to FIGS 16 belo ock 1's an
intra- codedmbbo&h; lhmuwudﬂhmcmwmpbgﬁyodmdﬁ4nhﬁabb®b@g@yndamﬁmnhm1ng a nost
probable ﬂf fgi4éhe bl ock based on intra-prediction nodes fromthe one or
more ot her PHIE ‘Alternatively, as described in greater detail with

respect to [§176PIn e e%aﬂlpﬂ&shee«h%m@f 1ot Iﬁea &ib!éd &fer BB ks VideBndoltero soded
bl ock, the V|deo coder may code the b by determ ning an MWD (or nerge

i nf or mat i orvjddoaiseerlco A0} ieedsrist dadgrmiimg mﬁdrlatlommfcbmcamon rﬁ@nowee Qﬁbl@nhsélézﬁher
und .st ood.t ha descri bed

o RS csbedte tigt i iR RSN A RO o od [ heBReri R 3B 3" { pe

steps of tRRamPlchi@dnobf Flokks ﬂlQAnﬁ@ﬁdéw&onlf&@ﬁ&Sa&ﬁbdt:prdlﬁbléﬂﬁéw ned in the
or der shomn in FIG 14, and fewer, additional, or alternative steps may be

per f or med. delgpnpetion b MEkRGY Ws2tiep/c0dsronay iwad the intra-mode from the line
buffer.

[0171] Alternatively, if the video coder needs to determine prediction information from
one of blocks 214B, the video coder can derive prediction information for the block
based on the subset of prediction information stored in the buffer. The derivation may,
for example, be based on copying the prediction information for one or more nearby
blocks 214A that are stored in the buffer, interpolating the motion information that are
stored in the buffer, or deriving prediction information in some other manner based on
the prediction information stored for blocks 214A.

[0172] FIG. 11 is a conceptual diagram illustrating an example of clipping (e.g.,
reducing the bit depth) motion vectors stored to a buffer. That is, for example, another
way to reduce the amount of prediction information that is stored to a line buffer (and,
more specifically, motion vectors for inter-prediction) may be to reduce the number of

bits that are used when storing each component of each motion vector.



[0186] FIG 15 is a flow diagramillustrating exanpl e techni ques for

reduci ng the anmount of prediction information that is buffered when

per f or m ngoi2ntym@zgsredi cti on in video encodi ng. Wil e de®criusea2iitohs r espect
to video encoder 20, it should be undsrstood that the techni ques descri bed
with respect to FIG 15 may be perforned by a variety of other processors,
processing units, hardware-based coding units such as _encoder/decoders

( CODECs), 403 e this pemple pgshowmin the cxanapip o€ Fikoldn c3ch motegn viestor giogedy
encoder 20 - i.ne ] I CLlon.: . i vi deo
dat o (270) B R Ry S G e oL R S Mot
for a secortpiddookN bits, whideocadh hatip 72¢tor AaeigicllsgV bas adpe Girger dliart K). sin

di scl osure,, video, en r.20 .may determ .an intra-prediction de for the
Second bl ot BRI B! Mt 2t Gul LD gl ool Rhetan o DR otbu
only if the;fif.5tadliRGKplSndd@ld. aPSIRRAYVE: RRIARRRI thAIhOh 6Ky reph8erfand
block (274). If"the first block is an above-nei ghboring bl ock, video
encoder 20 ofryegies shominne RiGel hmey npr aiseebpandi ta ttheaphysel fepresettdiondéoomn bl ock
based on one,or re other blocks. That j an above- nei ghboyi. bl ock may
o excl uded: Promats EBnsRPfr 2 ied fr plPoRRRt R RO R e

vi deo enCOQ%mE@ beippitlgshapR iy FIdh el 1abeverxi@uahansd 6fth mb@sikvdctdrvigiouon i f
the first block is froma different LCU than the second bl ock. [0188] Video
encoder 20 sHaPixgef enbrpele) gdserassis @heWher thermetean insdellghisisdbpiaginayrhavede i s
the sane a - rm L Ot ra- he second bl ock (276). If the
nost proba%ﬁ%gﬁﬁgﬁggﬁ%g@q??hgﬁgqggﬁg%gigéﬁ "determ ned intra-node for the
second bl o¢l174] FRGYESiskuhamehc@icestugldi Zefonn il lwstideng eneaaerlc obyligpinyi de an

i ndi cation of the nost probable n?de in an enﬁgded bitstream (278).

Accor di ng tPtogHsceryiped & a ingbuten fsaerane.dafhedeevant madion yeelghls e node
flag in th gp&gg I r Al o i : abl e
nmode was ugg'lto Fﬁ%%g%%%égﬁk %%Eg%gﬁ%yh?g%ﬁga]Eﬁ?ﬁgghg§§%€ %ngﬁ escri bed
i n greater l@ethatd mevit signifespelmts and okt Gf thtGubekbbifs hape beaedpgedigMole nost

r obabl e node .£I ,. a video ,de r u s vj deo decoder 30) mm
P oy ouce D e e e h G Ut B e o b S s oG e
i ntra-mode qHg e 3 ﬁoarsegaﬂﬁca&lhsitss%e o&HoRlI0LIkhoubh aféiﬂﬁelrei&%nf?%ﬁﬁﬁ&l fal BET a- mode

is not the sane as the intra-node for the secon ock (the NO branch of
step 276), impesntdcddemnupbdeneibipsrompyis emithainesitar deasiofignifieant hits é-grode

used to encode the ck.an,i encoded hitstream 80).. 189 shoul d be
rdor st ood 4 v FIERE 1 A b RAr B SRl A SR Sl i Wb sPR o o Ly e
provi ded appgerely one exanple. That is, the steps of the nethod of FIG 15

need not necessarili/ be performed in the order shown in FIG 15, and fewer,
addi t i onal 0651 dilGet histy dieeramd fustigtine baunsiary oPgeéan WoU. For example, LCU

2013/ 01286 [ ~agr

i ustrati aal SOt b Bk 228 wiPidhy el g of mboc W LEBDT B, o,

i nf or mat i orximple shewhid FEG.d3, oen40anélodes bognddrly ICAIg4ddhatshare alborddrdeo

decodi ng. Whil e descri bed wi.th respect to video decoder. 30, it should be
under st ood Wlﬂlal?lo‘gﬁez@é‘eg h‘ita%‘gscg%%%? 'i%B"e thsﬁarp@j)@g&r with bipeks 246 Fagh be
per f or ned l‘&*ﬂ% vag !)FHZ‘U@AO%@% VRLOGRS SIS s Processing units,

e uc

har dwar e- bas coding units E% as encoder/decoders (CODECs), and the

| i ke. [0191917d]desorde conarle30s desgribed dhioat) ayvided evder mey andé the PAlsprfddilét i on
node for a.fjrst block. of. video data .(290)., Video.decader .3 | so
Tocei ve. an JhuREERScton ORGSR b & TIoHes ATROUET BT SRt PO
(292) . For @xAnBigs blvtide PrafERAEh{3RaliBY forlaBoROABIEHRNB PR R, of(AEEI46e @ NDSt
probabl e node flag that indicates whether the nns% probabl e i ntra-npde was
used to i nmay-Yerreedibtavaiieblpiassheh Bifs aigandedwind thy soic. LG 292] Hewgee, decoder
30 may determ ne whet her. the. nost ..prebabl.e intra;node s t ane as the
"ot r . node o1 o el R B PO D 2 BROPE b B S s rt  on
(294). If thRuABSY PRISQIEL 244, Atvideorddder msttab&sapRhdpfor@bon RMbmha-dimeent or
decodi ng the second bl ock g%he YES branch of step 294), video decoder 30
may det er mlifd) s thpkt Undddbanigecoded. r BLarderdobe aveikble e @oiithoubedectsyips . For
exanple, a ' | {.Scl ' C .y
determ ne. Sy Mk BPABGRoThalo s VDT IBIER, e St ARRERIO0nAP

i nt r a- pr edipeddiaioninfbembigon tohelifa udfer.bl ock, but only if the first block is
not an above- nei ghbori ng bl ock of the second block. If the first block is
an above- nei ghboring bl ock, video decoder 30 nmay determ ne the nost
probabl e intra-node for the second bl ock based on one or nore other bl ocks.
In sonme exanpl es, video decoder 30 may only apply the above-nei ghboring
block limtation if the first block is froma different LCU than the second
bl ock.



[0193] Video decoder 30 may then decode the second bl ock using the nost
probable intra-node (298). That is, for exanple, video decoder 30 may
predi ct twe 28sommst7bl ock using the nost probabl e intra- predisetizomonode, and
determ ne the pixel values of the secdsnd bl ock based on a conbi nati on of
the predictive values and received residual values. [0194] If the nost
probable intra-node is not the appropriate intra-node for decod%gg%the

second bl od1TH HprRains fahwHiesm seherpe syl PUs ofdd 4 8¢0 ddpt inplugdesa i ne an
i ntranode f j f.oF: : sone

recei ved sf%%%ﬁﬁng %@86§ﬁ@¥%8%?Eg%P%%g§€V§§?n@#@%@é g@@%&%qgggﬁay apply a
def aul t i ntstmaploigte Thet ist diePSemandcdesopiediction arfyrneame from decacecddigve 30 nmay

t hen decode the second bl ock .based on the det.erm ned,i ntra-node.(302). That
is for engp&pgl}s. -%%Ve&eﬁéBElg]ng tanjg @gﬁ-ﬁlgh%ng%locks 222, 1 a differen

2013/ 012861&@4}1&%@9%@6@?%3&%115&&0!@% %Q@G’,ﬂﬂrﬁﬁ%ig? $4tRGvddRirAe Ba ML R

i ntra-prediction node, eterm ne the pixe ues of the second bl ock
based on arebwbithesamamt of daththapisesthired fovelinabufés. Mutcorecaixvdingakiadien

val ues. [0195] It should, b nder st.ood t hat e.steps shown and descri bed
W th T espedbotesn sttt bk dEB0 TR R oh e CREnE BRE TR IRES | ne
steps of t hig imiabosk ificchtacics Mt RRGBeIRrodiREEHEAIelyndeh OEK balstRGfiLT U he
order shown in FIG 16, and fewer, additional, or alternative steps may be

per f or med. 2pBi1tberbringroyingicedimgtpefurrainggr Ahatiih.|ifidate omige ekevepl e t echni ques

for reducing. . I GLI i I E i red when

perforningQ@ﬁ%ggqﬁgggg%%?%ggﬁﬁg&ﬁﬁggqghgéﬁﬁﬂg&ea%FFgggég§P?%&§8mﬁth respect

to vi deo eroadpikdAfe video sbduuinthybeillwodebsimiad, €bat44.he techni ques descri bed
SIS !

with respect to FIG 17 e performed by a variety of other processors,

processi ng (M8 Secpidinghart ¢ Eg%%au%&&ﬁﬁ&edﬁmpgg%Fhl% isgnvie By b cppitsds
( CODEGs) , Q@inkEGalshll)(-get Jr PR Ol ah P NETRY XY X0 Ee' ﬁafet iaéiegﬁd}lﬁélﬁﬁger 20
m ne glog of vide ).

may det er tion information for a first data (31
Vi deo encoder arR@untay dath sordeberlmerbafigpmap oniyifecrpptied omly ftobowndegcObd bl ock

of video dat ccordi ng to aspect f this disclosure, video encoder
20 may det f‘%ioﬁg%ﬁsz-’ﬁ?%m? ’éeegié‘88 ag%ﬁ]ﬁgll?eﬁ?ﬁlgsﬁrd on a notion vector for
the first hhpoif.FiEui4 RN fYou HiabRen fliukehtidY QakplSteOMiqRB feeNgiREeihghbori ng

bl ock (314) . If FirSt

bl ock of the second block (314) the Tirst block is an above-nei ghboring
bl ock, vi demogncefduedigtipmmjoraetien thahts taifferdrlutiog videe cedivgnthdixaoilbased on

onS oo SRR el SRR e RN U R Y 0P

di fferent Leni&ialol iertSEcOME cldrdslks, the technique of FIG. 14 may be carried out by
video encoder 20 (FIGS. 1 and 2) or video decoder 30 (FIGS. 1 and 3), described above.
In other examples, the technique of FIG. 14 may be performed by a variety of other
processors, processing units, hardware-based coding units such as encoder/decoders
(CODEC:), and the like.
[0180] The video coder may receive a block of video data of a coded unit (e.g., a
picture, slice, tile, set of wavefronts, and the like) for entropy coding (260). According
to aspects of this disclosure, the block of video data may be positioned below a top row
of blocks in the coded unit. In some examples, the block currently being coded may be
a sub-CU that is included in the same LCU as above-neighboring sub-CUs. In other
examples, the block may be positioned at the edge of an LCU, such that above-
neighboring blocks belong to a different LCU than the current block.
[0181] The video coder may then determine prediction information for the block based
on prediction information of one or more other blocks in the coded unit, but not based
on blocks in the top row of the coded unit (262). For example, if the first block is inter-

predicted, the video coder may determine motion information (e.g., motion vectors,



[0198] Video encoder 20 may al so provide an indication of the determ ned
MVP in an encoded bitstream (316). That is, video encoder 20 may identify
t he bl ockwbnomoabkssch t he MVP bel ongs. In addition, videecenuseoaensdis my

i ncluded an MWD in the encoded bitstr#8amwi th the M/P. [0199] Although
described with respect to determ ning an WP and generating an MVD, it
shoul d be understood that the techni ques described with respect tog FIG 17
may al so béctgeage pishureridgeesppigdictipp digpciiong ofjothst HHouRRiENS pveeiated afith he
steps sho rj i . t . } : i rely
one exanpml}@@%gtgl%agfk? ﬁgaﬁ% ’s}f@%mt?%é) l(?rée%tlggn? aolélr 3%1?{&8, t@%gﬁdgggg%%tsm i
necessar i | ylettemperahontneedhoda of the fostddsckshown in FIG 17, and fewer,

addi ti onal , |ternati ve steps,.may be perforned. [0200] FIG 18 is a fl ow
ai agr am 11 108 35 oG Bhaitilrs CURHRR ueeRop P nyre fengbthe of
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information for the first sub-CU using information based on the second sub-CU, which
is positioned above the first sub-CU.

[0184] The video coder may then code the block based on the determined prediction
information (264). For example, as described in greater detail with respect to FIGS. 15
and 16 below, if the block is an intra-coded block, the video coder may code the block
by determining a most probable mode for the block based on intra-prediction modes
from the one or more other blocks. Alternatively, as described in greater detail with
respect to FIGS. 17 and 18 below, if the current block is an inter-coded block, the video
coder may code the block by determining an MVD (or merge information) based on the
motion information from the one or more other blocks.

[0185] It should be understood that the steps shown and described with respect to FIG.
14 are provided as merely one example. That is, the steps of the method of FIG. 14 need
not necessarily be performed in the order shown in FIG. 14, and fewer, additional, or

alternative steps may be performed.
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of the intra-mode used to encode the block an in encoded bitstream (280).

[0189] It should be understood that the steps shown and described with respect to FIG.
15 are provided as merely one example. That is, the steps of the method of FIG. 15 need
not necessarily be performed in the order shown in FIG. 15, and fewer, additional, or

alternative steps may be performed.
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(294). If the most probable intra-mode is the appropriate intra-mode for decoding the
second block (the YES branch of step 294), video decoder 30 may determine the most
probable intra-mode for the second block (296). For example, according to aspects of
this disclosure, video decoder 30 may determine an intra-prediction mode for the second
block based on the intra-prediction mode for the first block, but only if the first block is
not an above-neighboring block of the second block. If the first block is an above-
neighboring block, video decoder 30 may determine the most probable intra-mode for
the second block based on one or more other blocks. In some examples, video decoder
30 may only apply the above-neighboring block limitation if the first block is from a
different LCU than the second block.

[0193] Video decoder 30 may then decode the second block using the most probable
intra-mode (298). That is, for example, video decoder 30 may predict the second block
using the most probable intra-prediction mode, and determine the pixel values of the
second block based on a combination of the predictive values and received residual
values.

[0194] If the most probable intra-mode is not the appropriate intra-mode for decoding
the second block (the NO branch of step 294), video decoder 30 may determine an intra-
mode for decoding the second block, for example, based on some received signaling
(300). In other examples, video decoder 30 may apply a default intra-mode for the
second block. In any case, video decoder 30 may then decode the second block based

on the determined intra-mode (302). That is, for example, video decoder 30 may predict



WHAT IS CLAIMED IS: 1. A nethod of coding video data, the nethod

conpri si ng: determ ning prediction information for a bl ock of video
dat a, wheweinesshl ock is included in a coded unit of ycdasaaaroand
positioned bel ow a top row of above-ndi ghboring bl ocks in the coded unit,
and wherein the prediction information for the block is based on prediction
information fromone or nore other blocks in the coded unit but not based
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pi cture, arsdidunbyalactile, and a set of wavefronts. 3. The nmethod of claim

1, wh in: d I N t.h dicti i nf [ } '
L R B S B TS e o
vi deo dat a;jg are pr_ovﬂi%&l 1 fﬁeﬂélf'ené &&n&i’l@d_ﬂ% i Okhd é’t’ééfi@ro@’ﬁ{e' A&hE @b EIE 18hesK

conpri ses determ ning a nost probable intra-prediction node for the bl ock

based on t met nevessarifyr dbectormad moiie ooder sheviomer 16y 16vond fovéreadditianek ©r and
wi t hout bei ﬁg@bﬁse onmaj1 tra-Fredi ction nodes fromthe top row of blocks in
the coded GHFPATLHTCPS may DeRHAHne bl ock conprises coding the bl ock based

on the nostioweplraG! €7 isntfidpaRdted {IRBtrifdexample techniques for reducing the
amount of prediction information that is buffered when performing inter-prediction in
video encoding. While described with respect to video encoder 20, it should be
understood that the techniques described with respect to FIG. 17 may be performed by a
variety of other processors, processing units, hardware-based coding units such as
encoder/decoders (CODECs), and the like.
[0197] In the example of FIG. 17, video encoder 20 may determine motion information
for a first block of video data (310). Video encoder 20 may also determine motion
information for a second block of video data (312). According to aspects of this
disclosure, video encoder 20 may determine an MVP for the second block based on a
motion vector for the first block, but only if the first block is not an above-neighboring
block of the second block (314). If the first block is an above-neighboring block, video
encoder 20 may determine an MVP for the second block based on one or more other
blocks. In some examples, video encoder 20 may only apply the above-neighboring
block limitation if the first block is from a different LCU than the second block.
[0198] Video encoder 20 may also provide an indication of the determined MVP in an
encoded bitstream (316). That is, video encoder 20 may identify the block from which
the MVP belongs. In addition, video encoder 20 may included an MVD in the encoded
bitstream with the MVP.
[0199] Although described with respect to determining an MVP and generating an
MVD, it should be understood that the techniques described with respect to FIG. 17 may
also be used for merge mode. It should also be understood that the steps shown and
described with respect to FIG. 17 are provided as merely one example. That is, the steps
of the method of FIG. 17 need not necessarily be performed in the order shown in FIG.
17, and fewer, additional, or alternative steps may be performed.
[0200] FIG. 18 is a flow diagram illustrating example techniques for reducing the

amount of prediction information that is buffered when performing inter-prediction in



4. The nmethod of claim3, wherein the one or nore other blocks conprise one
or nore | eft-neighboring blocks of the block. 5. The nethod of claim4,
wher ei n twe 2018@12867nor e ot her bl ocks are directly adj acentr/useoizherolbs ock.

6. The nethod of claim4, wherein the2one or nore ot her bl ocks include one
or nore blocks that are not directly adjacent to the block. WO
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may only add a motion vector from the first block to an MVP candidate list if the first
block is not an above-neighboring block of the second block. If the first block is an
above-neighboring block, video decoder 30 may determine an MVP for the second
block based on one or more other blocks. In some examples, video decoder 30 may
only apply the above-neighboring block limitation if the first block is from a different
LCU than the second block.

[0202] Video decoder 30 may determine motion information for the second block by
combining the motion vector for the first block (in instances in which the first block is
used as an MVP) and a received MVD. Video decoder 30 may then decode the second
block using the determined motion information (336). That is, video decoder 30 may
retrieve the predictive block identified by the motion vector, and determine pixel values
for the second block based on a combination of the predictive block and received
residual values.

[0203] Although described with respect to determining an MVP and generating an
MVD, it should be understood that the techniques described with respect to FIG. 18 may
also be used for merge mode. It should also be understood that the steps shown and
described with respect to FIG. 18 are provided as merely one example. That is, the steps
of the method of FIG. 18 need not necessarily be performed in the order shown in FIG.
18, and fewer, additional, or alternative steps may be performed.

[0204] Moreover, it should be understood that, depending on the example, certain acts
or events of any of the methods described herein can be performed in a different
sequence, may be added, merged, or left out all together (e.g., not all described acts or
events are necessary for the practice of the method). Moreover, in certain examples, acts

or events may be performed concurrently, e.g., through multi-threaded processing,



10. The method of claim3, wherein coding the block conprises encoding the
bl ock based on the nost probable intra-prediction node, and wherein
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hardware, software, firmware, or any combination thereof. If implemented in software,

the functions may be stored on or transmitted over as one or more instructions or code
on a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol.

[0206] In this manner, computer-readable media generally may correspond to (1)
tangible computer-readable storage media which is non-transitory or (2) a
communication medium such as a signal or carrier wave. Data storage media may be
any available media that can be accessed by one or more computers or one or more
processors to retrieve instructions, code and/or data structures for implementation of the
techniques described in this disclosure. A computer program product may include a
computer-readable medium.

[0207] By way of example, and not limitation, such computer-readable storage media
can comprisc RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medium that
can be used to store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium.

[0208] It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transient, tangible storage media. Disk and disc,

as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc
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i ntraprediction node for decoding the bl ock; conbi ni ng the
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12. The method of claim1l, wherein: 54 determ ning the prediction
information conprises determning notion information for the block of video
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software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
elements.
[0210] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
[0211] Various aspects of the disclosure have been described. These and other aspects

are within the scope of the following claims.



WO 2013/ 012867PCT/ US2012/ 047073 58 15. The nethod of claim 12, wherein
codi ng the bl ock conprises encodi ng the bl ock, and wherein:

det er m niwg 20fs01pseedi cti on i nformati on for the bl ock based/ useoloe7on®t i on

i nformati on of the one or nore other 35l ocks conprises determning a notion
vector predictor for the block based on the notion information of the one
or nore other blocks; and encodi ng the bl ock conprises indicating the
not i on vecﬁxpﬁﬁFE%Fg¢HPJEP]§n encoded bitstream 16. The nmethod of claim
12, wherein coding the bl ock conprises decoding the bl ock, and wherein:
determ ning an intra-prediction node for decoding the bl ock based on

whet her anILntra&pméﬂdcﬁboﬁngwﬂboﬂam/ﬁhendmaﬂﬂonqnmﬁnps t he determ ned nost
probabl e i ntraprediction ues for

de; . intra- di ct.ing, residual I
P block US| np deEm HEAESPTIGON IR DB HoULSTGHte quBan s RAGE bl ok,
conbi ni ng g civatd 8t PEGRHE GhRSS Rfﬁféb%!@'anb{%bé{ﬁénéﬂﬁelfbvl} @‘E&ﬁ Bedof ol dual val ues
of the block to reconstruct the

neighboring blocks in the coded umt and wherein the prediction information for the
block is based on prediction information from one or more other blocks in the coded
unit but not based on prediction information from any of the top row of blocks in the
coded unit; and

coding the block based on the determined prediction information .

2. The method of claim 1, wherein the coded unit comprises one of a picture, a

slice, a tile, and a set of wavefronts.

3. The method of claim 1, wherein:

determining the prediction information comprises determining an intra-
prediction mode for the one or more other blocks of video data;

determining the prediction information for the block comprises determining a
most probable intra-prediction mode for the block based on the intra-prediction mode of
the one or more other blocks and without being based on intra-prediction modes from
the top row of blocks in the coded unit; and

coding the block comprises coding the block based on the most probable intra-

prediction mode.

4. The method of claim 3, wherein the one or more other blocks comprise one or

more left-neighboring blocks of the block.

5. The method of claim 4, wherein the one or more other blocks are directly
adjacent to the block.
6. The method of claim 4, wherein the one or more other blocks include one or

more blocks that are not directly adjacent to the block.



17. An apparatus for coding video data, the apparatus conprising one or
nore processors configured to: determ ne prediction information for a
bl ock of woders/dadea, wherein the block is included in apcodsdoanstordf video
data and positioned below a top row of6 above-nei ghboring blocks in the
coded unit, and wherein the prediction information for the block is based
on predi ctlon information fromone ar nore other blocks in the coded unit

but not baded orfhsmedhed ofhaimnt: oyhessin dpcrPiBeahRy Most RIARLIS ItRIREHENIY ocks

in the cod ction
 nf or mat oﬁﬁ’odé&*%t 5 B 00y RO BB 7B SR b S B P AL
claim 17, whelediaped on a first toft-wegléroning dirstfdoghraadiactcon eftrhorghbdrignhlotihe one
Or 1Dre processors ar conf bgg{ﬂeg to determi ne an intra-prediction node for
the one or %ﬂsep%ft%l? Flgaid i deo dat a; to deternine the
prediction information for the block, the one or nore processors are
configured to determ ne a nost probable intra-prediction node for the bl ock
based on t e i ntlihgnmteali efidlam hoderah thendodnenmrisapere @trhere bijols kEa and
wi t hout beilaprg l‘t)asaad , :

est coding unit LCU and the top row of blocks comprises blocks of one or more
other LCUs, and wherein the most probable intra-mode determination is not based on

intra-prediction modes of the blocks of the one or more other LCUs.

9. The method of claim 3, wherein the block comprises a first sub-coding unit (CU)
of a first largest coding unit (LCU) of the coded unit, wherein the top row of blocks
comprise a second LCU of the coded unit that is above the first LCU, and wherein
determining the most probable mode for the block comprises determining the most
probable mode based on an intra-prediction mode from a second sub-CU of the first

LCU, wherein the second sub-CU is positioned above the first sub-CU in the first LCU.

10.  The method of claim 3, wherein coding the block comprises encoding the block
based on the most probable intra-prediction mode, and wherein encoding the block
comprises:

intra-predicting residual values for encoding the block using an intra-prediction
mode for the block;

determining whether the intra-prediction mode for the block matches the
determined most probable intra prediction mode;

indicating whether the intra-prediction mode for the block matches the most

probable intra-prediction mode in an encoded bitstream.



on intra-prediction nodes fromthe top row of blocks in the coded unit; and
to code the block, the one or nore processors are configured to code the

bl ock basw0 2018/d1bss7n0St probabl e i ntra-prediction node. pc2@s2dfih@e4Appar at us
of claim 19, wherein the one or nore ¥t her bl ocks conprise one or nore

| eft - nei ghboring bl ocks of the block. 21. The apparatus of claim 20,
wherein the one or nore other blocks are directly adjacent to the bl ock.

22. The apdér at Jdearethadpiplaim 3. wrwran ﬁocilﬂ%ﬂt?ﬁéOfé?CW@%@%@ﬁlﬂBﬂ%klgclf ncl ude

one or $alldQtkific Eg)%%\rﬁwol@ﬂﬁragdr&ﬁ%é Ymdd, %ﬁ&’Whefe‘Pn &&%gﬁhgﬁgébloclg:” The

apparatus o? claiml erein to determ ne’the nost proba
i nt rapr edi ebmpnsesode for the bl ock, the one or nore processors are further

configured to determ ne the nost .proba di de based on a
conf i ured 1o Aol et ey hnS, ISeL Bt sbatle, L L1 SrRrReLEL ) on, ode pgged on
is positi O%Qntpﬁbl%mchbﬁnwd@@& the gl‘bck Hﬁ%‘clﬁ@ﬂf&rcﬁ%&&l&ﬂ dsRprIbible ipgr ei n the
bl ock conprises one or nore blocks of a |argest coding unit LCU and the top

row of blomhshﬁummn®®23 bIocks of one or nore other LCUs, and wherein the

nost probabl e |ntra- bas i ntr rediction
modes of the bl ¢ ﬁasp%ﬁw? H%re&h‘fé’nk‘fa Ofgr%lﬂl?g"r& qge @%ﬁmne‘ﬁ fnfta-
2013/ 01286 p¥dl¢tldnaRddy 184 d€L6ding the block;

combining the intra-predicted residual values with received residual values of

the block.

12. The method of claim 1, wherein:

determining the prediction information comprises determining motion
information for the block of video data;

determining the prediction information for the block comprises determining
motion information for the block based on the motion information for the one or more
other blocks and without being based on motion information from the top row of blocks
in the coded unit; and

coding the block comprises coding the block based on the determined motion

information.

13.  The method of claim 12, wherein the block comprises one or more blocks of a
largest coding unit LCU and the top row of blocks comprises one or more other LCU,
and wherein the motion information determination is not based on motion information

of the one or more other LCUS.

14.  The method of claim 12, wherein the block comprises a first sub-coding unit
(CU) of a first largest coding unit (LCU) of the coded unit, wherein the top row of
blocks comprise a second LCU of the coded unit that is above the first LCU, and
wherein determining the motion information for the block comprises determining the
motion information based on motion information from a second sub-CU of the first

LCU, wherein the second sub-CU is above the first sub-CU in the first LCU.



60 25. The apparatus of claim19, wherein the block conprises a first
sub-coding unit (CU) of a first largest coding unit (LCU of the coded
unit, wheweizmaithesstop row of bl ocks conprise a second LeUrafs2éthe4mosied uni t
that is above the first LCU and wher®in, to determ ne the nost probable
node for the block, the one or nore processors are configured to determ ne
t he nost praobabl e node based on an intra-prediction node froma second
sub- cU of tlRe filheimqtiead ofghipelZ wihsesin eedingythe pfpcdgopyprisesssnepdpg dheabove t he
first sub- @Qdinthendibist LCU.  26. The apparatus of claim 19, wherein the
appar atus conpiises a video encoder, and wherein to code the bl ock the one
or nore processacseramingihnprglicted itormatoder theelbdkdslkedas thd nmwtiadnhe nost

pr obabl e in@%a-gred%cﬁion node, and ThErein to encode.the bl.ock the one or
more pr oced¥grRatigneot g enepraefeofer blocks cqryprisgs EF%’&?@%“&%@PH%Y“\% ues for
encodi ng t he.dat8Ctor URl Y1SckBhst o AreRhGHnGhiRMafiBISS thebnd BEmBIAAKr blocks;
determ ne whether the intra-prediction node for the block natches the

det er m ned andst probable intra prediction node; i ndi cat e whet her the
intra-prediction node for.the bl aock .matches.the nost probable.
|t £ bredi ot | onn g 1§ bicRénmsnse BT o R ORRE R 0 o ol ai m

19, wher ei RptdirddpP@Eaat.Us conpri ses a video decoder, wherein to code the
bl ock the one or nore processors are configured to decode the bl ock based
on the nost probable intra-prediction node, and wherein to decode the bl ock

it ra- proai Bt 1 onhaanne BRELE RNl HEGhE oblock corf TR TR e

i nt ra- pr edibbdcdkpimdwhkaeinor the bl ock nmatches the determ ned nost probabl e
i ntraprediction node; . . intra-predict_residual values for the bl ock
using the det er FEFEYIIRE %mﬁﬁ@a@(@%tmﬁn r ﬁ%ﬁOdH@éB%IgWQk ?ﬁ%dwmd&h&ther

an intra-prediction mode for the block matches the determined most probable intra-
prediction mode;

intra-predicting residual values for the block using the determined intra-
prediction mode for decoding the block;

combining the intra-predicted residual values with received residual values of

the block to reconstruct the block.

17.  An apparatus for coding video data, the apparatus comprising one or more
processors configured to:

determine prediction information for a block of video data, wherein the block is
included in a coded unit of video data and positioned below a top row of above-
neighboring blocks in the coded unit, and wherein the prediction information for the
block is based on prediction information from one or more other blocks in the coded
unit but not based on prediction information from any of the top row of blocks in the
coded unit; and

code the block based on the determined prediction information .

18.  The apparatus of claim 17, wherein the coded unit comprises one of a picture, a

slice, a tile, and a set of wavefronts.



conbine the intra-predicted residual values wth received residual val ues
of the WD 2013/012867PCT/US2012/ 047073 61 28. The apparatus of claim 17,
wher ei n: wo 2013/d1e86det er mi ne the prediction information, pCasesne/neTo73101 €
processors are configured to determ n® notion information for the block of
vi deo dat a; to determine the prediction information for the bl ock,
the one or nore processors are configured to determ ne notion information
for the bl dék bégﬁépbﬁaﬁ%éfﬁBﬂméﬁ‘ﬂﬁ?@ﬂhﬁtion for the one or nore other

bl ocks and with | g hQhod ' f op row of
bl ocks in the CgﬁggPﬁﬁﬂggﬁgﬁgﬂmﬂﬂll toggg%gﬂ?ﬁga%rggﬁP%%%g%%%g%or nor e
processor s canfegurodfa dptierednd o inoderedigidn made foatednonr htoee dibteblnthksad not i on
i nformati on. é@T'The apparatus of claim 28, wherein the bl ock conprises
one or ror &80k of a | argest coding unit LCU and the top row of bl ocks

conprises one Of, FREAnIAL AR pridibion ARAMMEH &rihd BIBcIRid St drth&t FRddeNdrs
determ nation is not based on notion infornmation of the one or nore other
LCUs. are configured to determine a most probable intra-prediction mode for the block based
on the intra-prediction mode of the one or more other blocks and without being based
on intra-prediction modes from the top row of blocks in the coded unit; and
to code the block, the one or more processors are configured to code the block

based on the most probable intra-prediction mode.

20.  The apparatus of claim 19, wherein the one or more other blocks comprise one

or more left-neighboring blocks of the block.

21.  The apparatus of claim 20, wherein the one or more other blocks are directly
adjacent to the block.
22.  The apparatus of claim 20, wherein the one or more other blocks include one or

more blocks that are not directly adjacent to the block.

23. The apparatus of claim 19, wherein to determine the most probable intra-
prediction mode for the block, the one or more processors are further configured to
determine the most probable intra-prediction mode based on a first left-neighboring first

block and a second left-neighboring block that is positioned below the block.

24.  The apparatus of claim 19, wherein the block comprises one or more blocks of a
largest coding unit LCU and the top row of blocks comprises blocks of one or more
other LCUs, and wherein the most probable intra-mode determination is not based on

intra-prediction modes of the blocks of the one or more other LCUs.



30. The apparatus of claim 28, wherein the block conprises a first
sub-coding unit (CU) of a first largest coding unit (LCU of the coded
unit, wheweizmaithesstop row of bl ocks conprise a second LeUrafs2éthe4mosied uni t
that is above the first LCU, and wher@i n to determ ne the notion
information for the block, the one or nore processors are configured to
determ ne the notion |nfornat|on based on notion information from a, second

sub- CU of tHhe filhsappagius ghelan 49 Wierei demlogerranyises a s pubcpging |11F11§t
b- CU
su in t(b ) bF Eﬁgstg&g Lst cdin Iﬂﬁag}?@@%er BhUoRd ﬁh@gf%%%eth ClE)'\xpt he one or

appar at us co rises I deo e cod einto co
nor e pr oceddmks canpriswondacgut EAUtd tenoalkdd uhhéadbh%ove &wcﬁmﬁe@@; ad o encode

t he bl ock tqﬁ¥one or nore ﬁrocess 1are c nflqﬂ determ ne the
predi cti on WHtor RAFIEHMIG the mastyr gt@% QyRedaiop e tiac ei%]ﬁ A 1OF REXCFORSof t he
one or nor %ré)éd?l?irgu}%'d% K SteaRINR "tﬁesrﬁést%%t%bf@ rﬁbc[&oa@ed‘@ﬁ h@ﬂltﬁé%é&l&tlcﬁ{ sdict or

for the block based on the nmotion infornation of the one or nore other

bl ocks; androm a secoadsatteU digthd Kt k- (o6 yherain Hy sceatidoabi(lg i ositromed ebovweect or
predi ctor in an encaded bits m WD 2013/ 012867PCT/ US2012/ 047073 62 32.
The apparaﬁ%s 5%‘%T§ﬂﬁ?§§3ﬁ9£%¢@}n t he apparatus conprises a video decoder,
wherein to cod the block, the one or nore processors are configured to
decode the bl ock, and wherein to decode the block, the one or nore
processors 28re ddsfpparaiag of elaim 19, thy@tléhemm@raétw qomnrisesp? videe enewdchnde f or

decodi ng t Qﬁ(cij QIeek, {% ad tl?erblx\ﬁg% mtope a%r?%eggo% af:etdogﬁé{ﬁgg %o ERbdlL fige b ock

mat ches th ernlne nost
block based on the most probable 1ntra prediction mode, and wherein to encode the

block the one or more processors are configured to:

intra-predict residual values for encoding the block using an intra-prediction
mode for the block;

determine whether the intra-prediction mode for the block matches the
determined most probable intra prediction mode;

indicate whether the intra-prediction mode for the block matches the most

probable intra-prediction mode in an encoded bitstream.

27.  The apparatus of claim 19, wherein the apparatus comprises a video decoder,
wherein to code the block the one or more processors are configured to decode the block
based on the most probable intra-prediction mode, and wherein to decode the block the
one or more processors are configured to:

determine an intra-prediction mode for decoding the block based on whether an
intra-prediction mode for the block matches the determined most probable intra-
prediction mode;

intra-predict residual values for the block using the determined intra-prediction
mode for decoding the block;

combine the intra-predicted residual values with received residual values of the

block.



intra-predict residual values for the block using the determ ned
intra-prediction node for decodi ng the bl ock; conbi ne the

i ntra-presocbesiessi dual val ues with received residual wvalrussolefos4tone bl ock
to reconstruct the block. 33. A non-diransitory conputer-readabl e storage
medi um havi ng instructions stored thereon that, when executed, cause one or
nore processors to: determ ne prediction information for a bl ock of

vi deo dat a28wherldippaiatuppbelRin 47 Wedreiled in a coded unit of video data and

positi oned_bel o, gL ofint A ALyahAvERNELABRAR 0% HAGKDridhe,goded unit,

and wherein the prediction’information ased on prediction
i nf or mat i orohfignedtvedcdernmmr @otérhmforbdatiok $orithe bloek obdiddo dmht but not based

on prediction infqrmation fromany. af the top row of bl ocks in the coded
uni t: and code (HABIYER MoREECER nfRSTYHCR FoRThOMOBH b B4 oA PERRRO D

34. The nongd éﬁ@ighﬁeﬁ_rtb! dCOARME BlotioR s Rh&icH BF ARSIV & the ln@itin33.
wherein the coded unit conprises one of a picture, a slice, atile, and a

set of wavetfoonstenn fogtic onher mone othendpelsrapd vathout eging basddloh encgioor age nmedi um

of claim 33,.wherein: to erm the prediction information, the
"nstr et | onolReE Firm tion 5t o BlohTa0Be tRATEE UK ermi ne. an
intra-predictiofo b&dehé Block e ORCoOIoRIYTEccRidielircRbafifsc@to sdddek: slatia;

to determine the prediction information for the block, the instructions

cause the &atedom thedetepnigedswsps inforngdoar ni ne a nost probabl e
intra-prediction node for the block based on the intra-prediction node of
the one or nore other blocks and w thout being based on intra-prediction
modes from29he tThp appmatak obtlaik 38, whdrkie thobleck tothprisc@oale or more blocks of a

largest coding unit LCU and the top row of blocks comprises one or more other LCU,
and wherein the motion information determination is not based on motion information

of the one or more other LCUS.

30.  The apparatus of claim 28, wherein the block comprises a first sub-coding unit
(CU) of a first largest coding unit (LCU) of the coded unit, wherein the top row of
blocks comprise a second LCU of the coded unit that is above the first LCU, and
wherein to determine the motion information for the block, the one or more processors
are configured to determine the motion information based on motion information from a
second sub-CU of the first LCU, wherein the second sub-CU is above the first sub-CU
in the first LCU.

31.  The apparatus of claim 28, wherein the apparatus comprises a video encoder,
wherein to code the block, the one or more processors are configured to encode the
block, and wherein to encode the block the one or more processors are configured to:

determine the prediction information for the block based on the motion
information of the one or more other blocks comprises determining a motion vector
predictor for the block based on the motion information of the one or more other blocks;
and

encode the block comprising indicating the motion vector predictor in an

encoded bitstream.



to code the block, the instructions cause the one or nore processors to
code the bl ock based on the nost probable intra-prediction node. WO

2013/ 0128806RCB/WBR012/ 047073 63 36. The non-transitorypcomgsadiendtoendabl e
storage nedi um of cl aim 35, wherein tdze one or nore other blocks conprise
one or nore |eft-neighboring blocks of the block. 37. The non-transitory
conput er -readabl e storage nedi um of claim35, wherein to determ ne the nost
probabl e i R a- gHE@PRREA OhelgEn £{rWhdenshoyparaiieconiysey R Yidemde@deise t he

one or ror &E&ﬁ?qsédﬁrtﬁe B&cﬁ%%ﬂ@ &%B&%rﬁ%%qg@g%&%ghguﬂe&‘i&d@xf@?@ﬁfecti on node

based on a first left-neighboring first econ t - nei ghbori ng
bl ock t hat bisckpasi whan@do kedaaie thdigdoblt, dlakone @8nord Ipeocresors aransnfigurgd to:

conput er -r eadabl e st orage medi ym.of clai.m 35, wherein the bl ock conprises
o6’ or ot o bl oS B AT ar GRS RS 4 S BE TP DHREEOR SHBE Bl ocks

conprises bhecksdRtioR Aode TorME Blotk AicheCHR deRRindISh&t Prdblslc iRsd- probabl e
intra-node determ nation is not based on intra-prediction nodes of the

bl ocks of thalidm medeyore other LCUs. 39. The non-transitory

- dabl. di f [ 5,. i .he, b Kk [
it sub. codr ng RPRIECDy Bt et BRsREnERT i ey Ene o °

coded uni t mydeabeddtoliing thoBloglgw of bl ocks conprise a second LCU of the
coded unit that is above the first LCU and wherein, to determ ne the nost
probabl e node f spmbHe the BéR;predietel iestduabvdlegssvighisseivedeesisival wluaner e

processors o rm st probabl e node based on an intra-prediction
node from gﬁ%cé(gg%%og%}ﬁ{%&?%y the first LCU wherein the second sub-CU is

positioned above the first sub-CU in the first LCU 40. The non-transitory
conput er -r eadabl e st orage nedi um of $I %m 33, wherein: to determ ne the
predi ct i on 3Pnf o hBH-BANSIORECAIARGTERJabS iags Bet g Rydngoinsisstionpitidssor s

to determ g, g e wnbh OLREdOR:§Obnd EmbleGrbecllonViodeo data;

determine prediction information for a block of video data, wherein the block is
included in a coded unit of video data and positioned below a top row of above-
neighboring blocks in the coded unit, and wherein the prediction information for the
block is based on prediction information from one or more other blocks in the coded
unit but not based on prediction information from any of the top row of blocks in the
coded unit; and

code the block based on the determined prediction information .

34, The non-transitory computer-readable storage medium of claim 33, wherein the

coded unit comprises one of a picture, a slice, a tile, and a set of wavefronts.

35. The non-transitory computer-readable storage medium of claim 33, wherein:

to determine the prediction information, the instructions cause the one or more
processors to determine an intra-prediction mode for the one or more other blocks of
video data;

to determine the prediction information for the block, the instructions cause the
one or more processors to determine a most probable intra-prediction mode for the
block based on the intra-prediction mode of the one or more other blocks and without
being based on intra-prediction modes from the top row of blocks in the coded unit; and

to code the block, the instructions cause the one or more processors to code the

block based on the most probable intra-prediction mode.



to determne the prediction information for the bl ock, the instructions
cause the one or nore processors to determne notion information for the

bl ock baswd 2018/d1bss7not i on i nformation for the one or noreratsh@r/obtooxks and
wi t hout being based on notion informai3ion fromthe top row of blocks in the
coded unit; and to code the block, the instructions cause the one or
nore processors to code the bl ock based on the determ_ned notion .

i nf or mati o0 WOhs@entBLSEEY perrPUiSLtrrdrl)e Fiorege guedium of glgEm Aenwhsraindhe or v

computer-r AL ' [ | rises
ongpor nDrgﬁg?g%§g§%ﬁ&ggﬁgggggﬁﬁ%gé?%%qhﬁ%ﬁgig%@gﬁﬁhgﬂ%&?g%fggawggggIocks
conpri ses one or nore other LCUs, and wherein the notion information

det er m nat i 'ﬁ7n0t based on noti on bg&orn&tion of tge on nor e ot her

n i or
LCUs. 42. 3The AdWIPRAREHIYY gompHistit@rable sormecdncdiyp g SlofRd s RISFNEP ai m 40,

wherei n t heiRlAGH (ROABE pREGabR: ftrh e BURNMGRSINDr HRITIodkCH: iR§nRtibhd &lusd ar gest
coding unit (LCU) of the coded unit, wherein the top row of bl ocks conprise

a second L@Ou ofe arimeore pdwdsson to deteamineghayovteprobabld intretpreditijonameadaesedi n t o

one or mor &1 gr boesariPbBIRERBY Rk o dSsede R St rlERRbEES on vt on

i nf or mat i opofifieMRELI@E eircblsek- CU of the first LCU, wherein the second
sub-CU is above the first sub-CU in the first LCU  43. An apparatus for
codi ng video data, the apparatus conprising: means for determ ning

prediction 3i8!1f 0 r@&rjﬂogﬂm 910%1'9 & %ﬁﬁé&-? ad?{ﬂlg gtgﬁ%gitn?ﬁdim §f gliélﬁxé \t%vgl,:wti?ér&ﬁl%hé S

included ina co uni 0 data an one op row of
above- nei ghluakicoghpbikecdes dr indrédlockdeth lardekt coditg whitel €Urand e top eshivof i on
information for the block is based on prediction informtion fromone or
more ot her bmcgé ReMpyisep @C&&ﬂ%@flﬁmﬁms @then bCUsaaehwBerewrtBe Mot A3 or mat i on

fromany ofind:NRoHOReE Aol A6KGaskd oh RfraSRE& i bde®tdhe blocks of the one

or more other LCUSs.

39. The non-transitory computer-readable storage medium of claim 35, wherein the
block comprises a first sub-coding unit (CU) of a first largest coding unit (LCU) of the
coded unit, wherein the top row of blocks comprise a second LCU of the coded unit that
is above the first LCU, and wherein, to determine the most probable mode for the block,
the instructions cause the one or more processors to determine the most probable mode
based on an intra-prediction mode from a second sub-CU of the first LCU, wherein the

second sub-CU is positioned above the first sub-CU in the first LCU.

40.  The non-transitory computer-readable storage medium of claim 33, wherein:

to determine the prediction information, the instructions cause the one or more
processors to determine motion information for the block of video data;

to determine the prediction information for the block, the instructions cause the
one or more processors to determine motion information for the block based on the
motion information for the one or more other blocks and without being based on motion
information from the top row of blocks in the coded unit; and

to code the block, the instructions cause the one or more processors to code the

block based on the determined motion information.



means for coding the bl ock based on the determ ned prediction information.
44. The apparatus of claim43, wherein the coded unit conprises one of a

pi cture, wobixmsea tile, and a set of wavefronts. 45. pCrasappatatrs of
claim 43, wherein: neans for determ nmi4ng the prediction information
conprises neans for determining an intra-prediction node for the one or
nor e ot her bIocks of video dat a; means for deternmning the prediction
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42.  The non-transitory computer-readable storage medium of claim 40, wherein the
block comprises a first sub-coding unit (CU) of a first largest coding unit (LCU) of the
coded unit, wherein the top row of blocks comprise a second LCU of the coded unit that
is above the first LCU, and wherein to determine the motion information for the block,
the instructions cause the one or more processors to determine the motion information
based on motion information from a second sub-CU of the first LCU, wherein the

second sub-CU is above the first sub-CU in the first LCU.

43.  An apparatus for coding video data, the apparatus comprising:

means for determining prediction information for a block of video data, wherein
the block is included in a coded unit of video data and positioned below a top row of
above-neighboring blocks in the coded unit, and wherein the prediction information for
the block is based on prediction information from one or more other blocks in the coded
unit but not based on prediction information from any of the top row of blocks in the
coded unit; and

means for coding the block based on the determined prediction information .

44.  The apparatus of claim 43, wherein the coded unit comprises one of a picture, a

slice, a tile, and a set of wavefronts.

45.  The apparatus of claim 43, wherein:

means for determining the prediction information comprises means for
determining an intra-prediction mode for the one or more other blocks of video data;

means for determining the prediction information for the block comprises means
for determining a most probable intra-prediction mode for the block based on the intra-
prediction mode of the one or more other blocks and without being based on intra-
prediction modes from the top row of blocks in the coded unit; and

means for coding the block comprises means for coding the block based on the

most probable intra-prediction mode.



65 46. The apparatus of claim45, wherein the one or nore other blocks
conprise one or nore |eft-neighboring blocks of the block. 47. The

appar at uswofoaessr45, wherei n nmeans for determ ni ng t hecmstopnobabl e
intra-prediction node for the bl ock farther conprises neans for determ ning
t he nost probable intra-prediction node based on a first |eft-neighboring
first bIock and a second | eft-neighboring block that is positioned bel ow
the bl ock. 4048, Theerayp@s af 9@%1“5@%@%4@6 ORGHA TG ofhsE block RorBRyIS Mg es one

or nore b'Qf%ﬁm@eﬂ%él ﬁﬁébﬁ&ﬂé@ﬁ%@%h& LCU and the top row of bl ocks

conpri ses bl ocks of one or~nore ot and wherein the nost probable
i ntra-node deternlnatlon is not based on |ntra predi ction nodes of the

bl ocks of t nor e ot her 49, The ra of cIa 45,
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49.  The apparatus of claim 45, wherein the block comprises a first sub-coding unit
(CU) of a first largest coding unit (LCU) of the coded unit, wherein the top row of
blocks comprise a second LCU of the coded unit that is above the first LCU, and
wherein means for determining the most probable mode for the block comprises means
for determining the most probable mode based on an intra-prediction mode from a
second sub-CU of the first LCU, wherein the second sub-CU is positioned above the
first sub-CU in the first LCU.

50. The apparatus of claim 43, wherein:

means for determining the prediction information comprises means for
determining motion information for the block of video data;

means for determining the prediction information for the block comprises means
for determining motion information for the block based on the motion information for
the one or more other blocks and without being based on motion information from the
top row of blocks in the coded unit; and

means for coding the block comprises means for coding the block based on the

determined motion information.
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the bl ock conprises one or nore blocks of a |argest coding unit LCU and the
top row ovokbmlasssconpri ses one or nore ot her LCUs, andpaimarsesin/ottves noti on
information determ nation is not base® on notion information of the one or
nore other LCUs. 52. The apparatus of claim50, wherein the bl ock
conprises a first sub-coding unit of a first | argest coding unit (LCU)
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52.  The apparatus of claim 50, wherein the block comprises a first sub-coding unit
(CU) of a first largest coding unit (LCU) of the coded unit, wherein the top row of
blocks comprise a second LCU of the coded unit that is above the first LCU, and
wherein means for determining the motion information for the block comprises means
for determining the motion information based on motion information from a second
sub-CU of the first LCU, wherein the second sub-CU is above the first sub-CU in the
first LCU.



