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BACKGROUND
{8062} Sereen content sharing applications have become very popular in recent years

with the increased popularity of remote desktop, video conferencing, and mobile media
presentation applications. There may be application requirements from ndustries. Screen
content may refer to video may include, for example, gutlines (e.g,, to visually separate two
separate pictures shown simultancously on a monitor), words, line drawings, ¢fc. Scree
content may include numerous blocks with a fow major colors and sharp edges duc to 2
prevalence of sharp curves, text, and the like in the video content.

18603} Video compression methods may be used to encode screen content. Some
compression methods may not fully characterize the features of screen content, which may
lead to incfficient compression performance. Furthermore, the reconstructed picture at the
receiver may have quality issues. For example, the carves and texts may be blurred and

difficult to recognize.
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18604} Video compression methods that are efficient for screen content arg becoming
imcreasingly importani as more people are sharing their device content for media
presentations and remote desktop purposes. Furthermore, sereen display resolution of mobile
devices has substantially mmcreased to high definition or ultra-high definition resolutions.
Video coding tools, such as block coding modes and transform, may not be optimized for
screen content encoding and may increase the bandwidth consumption for transmitting screen

content.

SUMMARY

16605] Methods, systems, and instrumentalitics are disclosed for video data coding
with a paletie coding mode, e.g., screen content video data coding. Video data, e g, screen
content video data may be palette coded. A palette table containing one or more color indices
may be produced. A color index may correspond o a color. A paletie index map may be
created. The palette index map may map one or more pixels of the video data to a color index
m the palette table. A traverse raster scan may be performed. A scan line may be scanmed in
an opposite direction of a preceding paralle] scan line. Based on the traverse scan, a paletic
index nyap prediction data may be generated that may indicate values in the paletic index map
associated with at least some portions of the video data.

{86006} The scan lines may be horizontal scan lnes. The scan lines may be vertical
scan lings. Whether the scan lings are horizontal scan lines or vertical scan lines may be
signaled. The palette table may be produced based at least on a cost function representing a
cost to encode the palette table. The palette index map prediction data may comprise data that
may indicate values for at least some portions of the video data i terms of a run vahie from a
basc portion of the video data. The run value may represent the number of consceutive video
portions in a sequence of video portions that have the same color index as the base portion
and may be coded as a difference between respective nun values of first and second rows.
{8067} The palette table may be copied from a phurality of colors generated from a
paletie table predictor. A dictionary or palette table predictor may be generated that
comprises a plurality of previous color values. The previous color values may be updated

with the color indices of the paletic table.
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BRIEF BESCRIPTION OF THE DRAWINGS

{8008} A more detailed understanding may be had from the following description,

given by way of example in conjunction with the accompanying drawings whercin

{8089} FI1G. 1 15 a block diagram of a screen content sharing system;

8618} FIG. 2 is a block diagram of a video decoder;

LLIERY FiG5. 3 is a block diagram of a video encoder;

19612} FIG. 4 illustrates the eight prediction unit modes in HEVC;

{8013} FIG. 5A ilhwstrates an exemplary piece of screen content in the form of a
word;

18014} FI1G. 5B shows a paletie index map of the picce of screen countent of FIG. 54;
[B015] FIG. 6 shows a plurality of two-dimensional patterns that may be used for

two-dimensional pattern prediction in accordance with an embodiment;

8016} FIG. 7 illostrates an exemplary prediction order scheme for two-dimensional
pattern prediction in accordance with an embodiment;

{8617} FIG. § illustrates a plurality of example PPU scan orders in accordance with
an embodiment;

18018} F1G. 9 illustrates excraplary techniques for predicting palette table enirics fora

CU from a preceding CU;

[B019] FIG. 10 illustrates an example of palette table generation;
{80206} FIG. 11 is a flow diagram iliusirating an exampic update process for

dictionary-based paletie table prediction;

{8021} FIG. 12 illustrates an example of ron coding;
{8022} FIG. 13A is a system diagram of ap example communications system in which

one or more disclosed embodiments may be implemented;

[8023] FIG. 138 18 a system diagram of an example wireless transmit/receive unit
(WTRU) that may be used within the communications system illustrated in FIG. 13A; and
[6624] FIGS. 13C, 13D, and 13E are system diagrams of example radic access
networks and example core networks that may be used within the communications systers

iftustrated in FIG. 13A.
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BETAILED BESCRIPTION

[8025] FI1G. 1 is a block diagram ilfusirating an cxample screen content sharing
system. The screen content sharing system may include a receiver 10, a decoder 12, and a
display (e.g., a renderer) 14, The receiver 10 may receive video signals and may demodulate
them for forwarding to the decoder 12, which may decode the video stream and may generate
a plurality of separate picturcs stored in multiple picture buffers 16 that may be output to the
display 14.

{8026} FIG. 2 is a block diagram illustrating an example block-based single layer
decoder that may be used as decoder 12 tn FIG. 1. It may receive a video bitstream 201
produced by an encoder and recounstructs the video signal to be displayed. At the video
decoder, the bitstream 201 may be parsed by the entropy decoder 203, The residual
cocfficients may be inverse quantized in de-quantizer logical block 205 and mverse
transformed in inverse transform logical block 207 o obtain the reconstructed residual signal
209, The coding mode and prediction information may be used to obtain the prediction signal
asing cither spatial prediction (e.g., spatial prediction logical bilock 211} or temporal
prediction (e.g., temporal prediction logical block 2133 The prediction signal 215 and the
reconstructed residual signal 209 may be added together to obtain the reconstructed video
signal 217, The reconstructed video may addinionally go through loop filtering (e.g., loop
filter logical block 219) before being stored in the reference picture store 221 to be displayed
on monitor 223 and/or used o decode a future video signal.

8627 FIG. 3 is a block diagram illustrating an exanple block-based single layer
video encoder that may be used to gencrate the encoded video data recetved at the screen
content sharing system of FIG. 1. As shown in FIG. 3, to achicve efficient compression, a
stugle layer encoder may employ, for example, spatial prediction {e.g., intra prediction) at
block 301 and/or teraporal prediction {e.g., inter prediction and/or motion compensated
prediction) at block 303 to prediet the taput video signal 300. The encoder may also have
mode decision logic 305 that may choose a suitable form (e.g., the most suitable form) of
prediction, tor example, based on cortain criteria such as a combination of rate and distortion
considerations. The encoder may then transform at block 307 and/or quantize at block 309
the prediction residual 310 (e.g., the difference signal between the input signal 300 and the

prediction signal 311). The guantized residual 313, together with the mode nformation {e.g.,
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mtra or inter prediction) and prediction information 311 {e.g., motion vectors, reference
pichure indices, intra prediction modes, efc.) may be further compressed at the entropy coder
315 and packed tuto the output video bitstream 317, As shown i FIG. 3, the encoder may
generate the reconstructed video signal 325 by applying inverse quantization at block 319
and/or inverse transformation at block 321 to the quantized residual to obtain a reconstrucied
residual 323, and adding it back to the prediction signal 311, The reconstructed video signal
328 may additionally go through a loop filter 327 (for example, a deblocking filter, Sample
Adaptive Offsets, and/or Adaptive Loop Filters), and may be stored in a reference picture
store 329 to be used to predict future video signals.

18028} MPEG has been working on video coding standards to save transmission
bandwidth and storage. High Efficiency Video Coding (HEV() is an emerging video
compression standard jointly developed by the TTU-T Video Coding Experts Group (VCEQG)
and ISO/IEC Moving Picture Experts Group (MPEG). HEVC may save 30% in bandwidth
compared to H.264 while producing the same video quality at the decoder/receiver, HEVC
may be a block-based hybrid video coding standard tn that its encoder and decoder may
operate according to FIGS. 2 and 3. HEVC may allow the use of larger video blacks, and
may use quadires partition o sigoal block coding information. The picture or slice may be
partitioned into coding tree blocks (CTBs) with the same sive (e.g., 64x64). A CTB may be
partitioned into coding anits (CUs) with quadtree, and a CU may be partitioned further into
prediction units (PU}, and transform units (TU) using quadtres. For each inter coded CU, it
PU meay have one of cight partition modes, as shown in FIG. 4. Temporal prediction, also
called motion compensated prediction, may be applied to reconstruct the inter coded PUs.
Depending on the precision of the motion vectors, which may be up to quarter pixel in
HEVC, lincar interpolation filters may be applied to obtain pixel values at fractional positions
from neighboring pixels at integer positions. In HEVC, the mterpolation filters may have
seven or eight taps for luma and four taps for chroma. The deblocking filter in HEVC may be
content-dependent. Different deblocking filter operations may be applied at the TU and PU
boundaries, depending on a number of factors, such as coding mode difference, motion vecior
difference, reference picture difference, pixel value difference, efc. For entropy coding,

HEVC may adopt context-based adaptive arithmetic binary coding (CABAC) for most block
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level syntax clements except high level parameters. CABAC coding may use context-based
coded regular bins and/or by-pass coded bins without context.

18029 Although the HEVC design inclades various block coding modes, i may not
fully take advantage of the spatial redundancy found in screen content. HEVC may be
focused on contingous tone video content in a 4:2:0 format, and the mode decision and
transform coding tools may not be optimized for the discrete tone content that may be
captured in the format of 4:4:4 video. Screen content material, such as text and graphics, may
show different characteristics than patural video content. Coding tools may mmprove the
coding cfficiency of screen content coding, e.g., bascd on palette coding and/or intra block
copy.

[8836] As shown in FIG. SA, screen content blocks may include a imited number of
colors, and the color vahie of cach pixel may be repeated from an adjacent {e.g., above or
left) pixel. A palette table may be used as a dictionary to record the significant pixel values
and the corresponding palette index map may be used to represent the coler value of cach
pixel, as shown in FIG. SB. To reduce the spatial redundancy, “rum” valoes may be used to
indicate the length of consecutive pixels that have the same significant pixcl values (e.g.,
paletie index). Using a paletie-based coding method rather than block coding modes may
mprove the compression performance for coding screen content.

{8831} A two-dimensional palette coding method for effectively compressing screen
content may be based on a two-dimensional coding pattern that may group pixels together
mto larger units so that the magnitude of “run” and the amount of coding symbols may be
reduced. Palette table generation, palette table prediction, and/ov palette table index grouping
may improve the performance of various components of palette coding, for example, for
screen content coding. Addifionally, encoding methods and apparatus are disclosed that allow
the encoder to generate efficient screen content bitstreams. The palette coding techniques
disclosed herein may be applied to HEVC or other video codecs.

18832} Some video coding standards may not fully optimize the compression
performance of screen content coding. For example, some general purpose encoders may be
optimized for natural video sequences. Screen content may include many more sharp edges
with discrete color distribution and discontinuons tone than natoral video sequences. After

applying conventional mode decision and transform-based coding processes, most residual
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vahues are located in high frequency arcas such that the residual scan method may be
mefficient for the entropy coding process that may follow. A paletic-based coding method
may improve the coding performance of screen content blocks. For example, a paletic may be
formed by sclecting the conumonly appearing colors in the block that 1s being encoded from a
color histogram. A CU pixel may be converted to a paletic index by searching for the most
similar eloment in the paleite table. A run value may indicate a number of consecutive pixel
positions that share the same palette index. One or more prediction modes, such as run mode
and copy mode, may be used to indicate whether the palette index of the current pixel is
predicted from the palette tndex of the pixel to the left of the current pixel position in
horizontal raster scan order or predicted from the pixel positioned above the current pixel
position,

{88331 A CU pinel may be clustered inio major colors and escape colors to form the
paleite table. A line mode may be used to encode the palette index. The spatial redondancy of
palette index map pixel by pixel {e.g., run length may be generated in units of 1x1 pixel} may
be explotied. A large number of bits may be generated to signal copy mode or num mode and
run valoes, which may be inefficient, for example, for coding larger size blocks.

18034} A histograrn-based method may be used to generate the palette table. For
example, the first ¥ pixel values that appear most in a CU may be used to generate the palette
table of the CU. In the case of lossy coding (e.g., decoded video may be numerically non-
identical to the original video), the pixel values that are close to an entry of the palctie table
may be quantized 1o the color represented by that entry. The pixel values that exist in the
original CU may be selected as elements of the paletic table.

{8635} An clement of the palette table of a CU may be predicted from the
corresponding clement of the paletie table of s Ieft or above neighbor. Such clement-wise
prediction may mvolve signaling flags to indicate the prediction operation for an element of 4
palette table.

8036} Paictie table coding and palctic map coding may be performed. For cxample, a
two-dimensional paletic index grouping method may group palette indices futo larger units,

such that the magnitude of ron length may be reduced.
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{8037} A mean value-based palette table generation method may form the colors in
the paletic table of a CU. For example, the average of the colors that fall in the same
guantization zone may be used as a representative color in the paletie table.

{B038] A palette merge method may generate the colors that are used to predict the
color elements in the palette table of a CU by combining the representative colors of the
previously ceded CUs.

18639} In a palette table reuse mode, a CU may copy its paletie table from the colors
generated from the palette table predictor. If the paletie table 1s copied, the signaling a palette
iable may be omitted.

[8048] A two-dimensional palette coding method for screen content coding may
mvolve palette table generation, palette index map generation, and/or palette index
prediction.

{8841} A block of screen content may include sharp edges with discrete color
distribution. A paletic table may be used to record the £ most conunonly appearing color
values i the block of video. Three mdividual paleite tables may be used to record a color
component of YUV or RGB color format; an entry of the paletic table may have one
component. A palette table may be used 1o record all three celor compounents together; an
entry of the palette table may have threc components. For example, in FIG. 5(a), there are
nine colors i the screen content block. If a palette table is used, then nine color elements
may be recorded in the table and indexed from 0 to 8.

18042} A histegram-based method may be used o generate the representative colors
in the palette table of one CU. The first N colors that appear most frequently in the current
coded CU may be selected as the colors of the paletic table. A quantization process may be
used for paletic table goneration in the lossy coding. The celor values that are closc to a
representative color may be quantized to that representative color. This histogram-based
method may be performed when generating palette tables for CUs with unbalanced color
distribution where the occurrence of one specific color may be statistically dominant over the
other colors in that CU. However, this method may be inefficient for CUs with other color
distributions and may result in a quality degradation of reconstructed CUs using a paletie
coding mode. For example, in FIG. 10, the qoantization step may be ¢, and C3 may be one

representative color sclected by the original histogram-based paletic table generation method.
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Four other colors, e.g., C1, C2Z, C4 and CS, may fall into the quantization zone centered at €
{enclosed by the dotied lines in FIG. 10 with the length of 2qg) afier the quantization process.
The occurrence percentages of C1, €2, C3, C4 and €35 may be 18%, 6%, 36%, 6%, and 34%
respectively. Using a histogram-based palette table generation method, the color vahies of
Cl, C2, C4 and €35 may be mapped to C3 during the palette index mapping process (e.g.,
mapping the colors of the original pictare into the enifrics of the generated palette table). This
may produce a large reconstructive error for color €5 and may lead to a big distortion for the
reconstructed CU as a whole due to the comparatively large occurrence percentage of CS
{34%) in the current CU. A mean-value based readjustment method may recalculate the
representative color of one quantization zone based on the occurronces of the colors that are
mitially mapped into that quantization zone. For example, the updated representative color of
each quantization zone may be derived as the weighted average of the colors that fall in the

guantization zone with their relative percentage of occurrence, e.g.,

P Li{CP i) 0
/ 2iCi '
where F; and C; may be the pixel value and occurrence percentage of the i color in the j
guantization zone, and &, may be the derived representative color. Furthermore, other

weighting metrics, such as sum of squared difference (SSD) and sum of absclute difference

(SAD), may be applied to calculate representative colors. Equation (1) may be expressed as:

B =arg Millyeir, 2.0y Dist(X, Py} )
Pl =argming ¥; 4 Dmt(‘(,‘} ) )

where the function Dist may be the weighting metric function to evaluate the distance
between two colors. Equation (2) may be vsed to find an optimal representative color in an
existing color set for 7. Equation (3) may be used to find an optimal representative color
without any consiraint, e.g., the optimal color may be in the color set of the quantization zone
or may not exist m the color set.

{8043} Palette table generation may be applied iteratively until optimization

constraints may be satisfied. For example, a cost function afier the & iteration may be:

D(k 2‘] 2] C( 3 [)l‘ﬁ‘i(%gl(), %I(R}} (4\;
§644 The iterative palette table generation process may continue {e.g., may be
ep p 3 & ¥

repeated iteratively) until the difference of the cost at the £ iteration and the cost at the (&

LG
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th o . . T o~ (& Lir—
17" iteration is less than D”‘([D (r — ptk-1

<D Th:), where D' may be a threshold value.
The iteration moay continue until a predefined time, 2. g., for a predefined duration. The
tieration may continue until the difference between }}’(k) and Pji(k_i) is fess than a (e.g.,
predefined) threshold.

[B045] The paletic table may be encoded with predictive coding, for example, using a
previously coded palctte table, a palette dictionary, paleite table predicior, and/or the like. A
palette dictionary may be equivalent {0 a palette table predictor. Paletie table generation may
consider the overhead associated with encoding the palette table. The overhead associated
with encoding the paletic table may be considered, for example, by paletic table refinement
atter color clustering. Predictive coding may be considered. If the number of clusters 18
greater than a threshold, e.g., the maxinumm palette table size allowed, certain clusters, ez,
the most effective clusters, may be selected.

8044} If the representative color in the palette table is found in its predictor, the
representative color may remain. Otherwise, a representative celor may be selected. The
selected representative color may be a color with 2 mintmum rate distortion (RD) cost, which
may be determined using Equation (5):

RDCost{k) = Distortion{k} + lambda x R(k) (5}
{6647} The representative color may be selected from color candidates, which may
nchude the representative color derived from clustering and the colors in the predictor, such
as the previous palette table or palette dictionary. In Equation (8), Distorfion(k} may be the
distortion associated with coding the pixels in the cluster with a specific color & If 4 is from a
predictor, Rk may be 2 value that may indicate the cost {e.g., in buis) 1o specify which entry
n the predictor st is used 1o predict & R%) may be approximated as:

R{k} = size(predictor)/size(palette_table) (5)
{6648} I & 1s not predicted from a predictor, K¢k may be a value that may represent
the cost {e.g., in bits) of coding of that paletie table entry without prediction. The palette table

entry may be lossless coded. Rek) may be cstimated as:

R{k) = zfj%;”,’ MUONENT BitDepth{component) (7}
[63849] After the representative colors of the clusters are determined, clusters with the

same or substantially similar representative colors may be merged.

210 -
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18658} I the number of clusters exceeds a threshold, e.g., the maximum allowed
palette table sizg, some clusters” representative colors may not be represented in the paletie
table. Certain clusters, e.g., the most effective clusters, may be selected for representation in
the palctte table. Pixels that may not be coded with the paletie table may be coded as escape
colors, which may be coded, e.g., explicitly. It may be considered a penalty if a cluster is not
nside the paletic table. The cost of the cluster ¢ may be cstimated as:

Cost{c) = Distprpey + lambda % Rppiq

—{Dist_Esc(c} +lambda #x R_Esc{c}) (&)
[8051] in Equation (8}, Dist PLT ) and R _PLT{c) may be the distortion and bits if

the chuster ¢ is represeuted in the paletic table. D¥st Fsefcy and R_Fscic) may be the
distortion and bits if the cluster ¢ 15 not represented in the palette table, e g, if the cluster o 18
represented as an escape color. Based on the cost, the clusters may be sorted in an ascending
order. The clusters in the front of the order (e.g., associaied with the least cost) may be
selected. The offect of merging clusters that are not selected in the paletic table may be
considered. For considering merging chusters that are not sclected in the palette table, criteria
may include the RD cost of coding pixels in a cluster as an ¢scape color and/or the RD cost of
coding pixels in a cluster as a color likely to be represented in the paletie table.

{8052 For lossless coding, predictive coding may be ignored, e.g., considering
predictive coding may not be applicable. The representative color of clusters may not be
changed in lossless coding. When selecting clusters for representation in the palctie table, the
bit cost may be considered {e.g., distortion may be (). Merging may be applied in lossless
coding. Merging may not be applicable in lossiess coding.

{8653} Palette table readjustment may be applied to other color clustering methods o
find representative colors {e.g., optimal representative colors) for paletic table generation. For
example, a color division method may be used to divide the colors {e.g., all the colors) in the
whole spectrum into equal quantization zones that can simplify the palette table process at the
expense of lowering the quality of the reconstructed colors.

16054) The paletie table may be regenerated at the deceder to decode the pixels of
paletic coded CUs. A palette table prediction scheme may be applied. For example, a color
clement in the palette table of a CU can be predicted from the corresponding color element in

the paletic table of a neighboring CU. For example, the neighboring CU may include its

-1l -
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above or left neighboring CU. The neighboring CU may include its below or right
neighboring CU. This paleite table prediction technigue may be applied to CUs for which at
least one of us above and left neighboring CUs is available. H both of the above and left
neighboring CUs are not encoded in paletie coding mode, such palette table prediction
method may not be applied since there may be no palette table existing for non-palette coded
CUs.

{8655} A paletie table merge method may be performed to create and/or update the
dictionary that may be used for predicting the palcette table of the carrent CU. A dictionary
may be created and/or initialized to a defaclt value (e.g., 10 a set of generie or representative
celors), and may be updated based on the colors actually selected for use in the paletic table
of one or more encoded CUs. The dictionary apdate process may merge the paletie colors of
the most recently encoded CU with the colors (e.g., the most often used or most important
colors) of a previous version of the dictionary in order to produce an updated version of the
dictionary. The updated version of the dictionary may be used to predict and/or to
predictively encode the palette table of one or more future CUs. The updated version of the
dictionary may be updated through additional application of the merging process.

[8034] A palette dictionary may store recently coded colors, for example, the
representative colors of one or more recently coded Cls, before coding the palette table of
the current CUL Given this palette dictionary, a color element in the palette table of the
current CU may be predicted from the corresponding color element of the palette dictionary.
18057 A reasonable size (e.g., a constant size or 8 maxionng size) of the palette
dictionary may be maintained. A palette dictionary update process may be applied after
coding a CU, e.g., by adding the representative colors of the CU coded most recently that do
not exist in the paletic dictionary and removing the color clements that are less used. Because
there may be strong correlations between the color values of neighboring CUs in the
encoding/decoding order, the representative colors of the most recently coded CUs may be
put at the beginning of the updated paleite dictionary. Pruning may be performed after
updating the paletic dictionary or during the update process in order 1o remove any redundant
entries such that umigue colors may be kept in the palette dictionary.

{8058} FIG. 11 is a flow diagram illustrating an example update process HOO for

dictionary-based paleite table prediction. At 1102, the colors stored in the buffer
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CurrentPaletteDictionary, which may store the current palette dictionary that may be ased for
prediction of or predictive encoding of a paletie table for a CU, may be copied into a buffer
TempDictionaryBuffer. CurrentPaleticDictionary may store a dictionary that was previously
used for predicting or encoding the entries of the palette table for the previous CU. During
the update procedure, CorrentPaletteDictionary may be 8 working buffer in which the
updated paletic dictionary may be constructed. TempDictionaryBuffer may be a buffer in
which the contents of the previous palette dictionary are copied. These contents may be
selectively merged into the working butfer in order to construct the updated palette
dictionary. A counter / may be mitialized.

{8059 At 1104, the colors from a paletie table CurrentCUPaletteTable may be copied
to the start of the buffer CurrenmtPaletieDictionary, e.g., veplacing the previous contents of the
buffer. CarrenmtCUPaleticTable may be the palette table of a corrent CU. The contents of this
palette table may be copied into the starting positions of the working butfer, replacing
previous contents, The eniries of the paletie table of the current CU may be given priority in
the updated palette dictionary. The dictionary buffer’s size may be larger than the paletie
table size of the current CU. The merge process may be used to filf out the remaining entrics
of the working buffer, e.g., up t0 a maximun siz¢ ot capacity.

{8066] At 1106, if a /" element of the TempDictionaryBuffer does not exist in the
buffer CurrentPaletteDictionary, it may be appended at the end of the buffer
CurrentPalettcDrictionary. This evaluation may be based on 8 comparison {e.g., an exact
comparison) of color values or may test similarity of color values. For example, the test may
compare the 7 element of TempDictionaryBuffer to each entry of CurrentPaletteDictionary
gsing 4 comparison metric sach as an L norm of the difference between the color entries
expressed as vectors 1o YUV or RGB space. H a compared pair of eotrics are similar enough
that the comparison metric is below a threshold, then the test may be positive (e.g., the /7
element of TempDictionaryBuffer may be considered to already existin
CurrentPaleticDrictionary).

{8861} At 1108, if the 7 element of the TempDictionaryBuffer does exist in the
paletie dictionary, the counter 7 may be incremented. At 1110, if the buffer
CurrentPaletteDictionary has reached its capacity or if the entries in TempDictionaryBuffer

have been exhausted, the update process 1100 may end.

-13 -
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{6862} Palette dictionary entries may be ordered, such that entries that are more
important or that are more frequently used may be positioned at the start of the paletic
dictionary, and entrics that are loss important or that are less frequently used may be
positioned later in the order,

{8063} A targe palette dictionary may provide more colors for prediction while
ncreasing the overhead of encoding a predicior’s position. A smaller paletie dictionary may
reduce overhead, but may provide fewer colors for prediction. To obtain a better tradeoff
between prediction efficiency and the overhead, the size of the palette dictionary may be
adaptively changed, e.g., at a picture level or at a sequence level. For example, the size of the
paletie dictionary roay be set 10 a size according to the content and coding preferences, such
as lossless coding, lossy coding, and prediction structures {e.g., all intra, random access,
and/or fow delay). The size of the paletie dictionary may be set larger in lossless coding as
compared with lossy coding. In lossy coding, the size of the palette dictionary may be set
larger for an all intra coding configuration as compared with a random access and/or low
delay configuration. The size of the palette dictionary may be signalled in a pichure parameter
set {PPS) and/or in a sequence parameter set {SPS). The prediction flag indicating if the color
in palette dictionary is used for prediction or not may be coded. The number of prediction
flags may be equal 10 the size of paletie dictionary. When the paletie dictionary size is
mcreased, the mothod of signaling the prediction flags may be adjusted, e g, optimized. For
example, if the prediction flag is 1, an ending flag may be signalled to indicate if there are
following “17 flags immediately afier the prediction flag. I the ending flag 15 1, there may be
no following “1” flags, and there may be no need to code prediction flags anymore.

[8064] Palette table prediction may be performed in an elemeni-wise manner in which
a signaling flag may be used for 2 color clement of the current palette table to indicate
whether the corresponding element is predicted or not. In a paletie table reuse mode, a paletic
table of a CU may be copiad from the colors generated from the palette table predictor. A
new set of colors for the paletic table of the CU. When the paletic table is copied (e.g.,
entirely copied), signaling the paletic table may be omitted. A flag may be used to signal
whether the entrics of the palette table predictor are used as the color elements of the palette
table of the curvent CU. If so, the encoding process for the current CU7s palette table may be

skipped, and the decoder may reuse the palette table predictor as the paletic table of the
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current CUL I not, another flag may be used to signal if the paletie table of the current CU s
predicted from a preceding CU’s palette table. For example, as shown in FIG. 9 and disclosed
herein, a table entry may be predicted by using the correspounding entry position of #ts
predictor. Furthermore, the difference between the current table entry and s predictor may
be scaled or shifted. The palette table size may be signaled by using differential coding with
the prediction from the paletic table size of the preceding CU.

{8665} The palette table reuse mode may be operated independently of or n
combination with palette table merging as disclosed hevein. For example, paletie table
merging may be combined with the palette table reuse mode to predictively encode the
paletie table information of the CUs that are coded in palettc mode.

[8066] A palette index may be built that maps a pixel m the block (e g, a CUjtoa
color stored in the palette table. To determine the palette index for a pixel, a palette table
element with the minimal error relative to the pixel may be determined. The crror may be
measured, for exarople, by the absolute value of the difference or the square of the difference.
The pixels of a block may be converted to the palette index, as shown in FIG. 5B. However,
due to the storage size limitation of the palette table, a pixel may not bave an exact match in
paletie table. Therefore, a residuce value of a pixel relative to the corresponding palette table
clement may be encoded 5o that it may be used to refine the image at the decoder side. if a
lossless compression mode is used, then the residue valucs may be encoded by entropy
coding process. In an embodiment, the residue values may be encoded directly, e.g., without
transtorm and quantization. If a lossy compression mode is used, then the residue values may
be encoded by transform, quantization, and entropy coding processes.

{8067} Coding tools may be used to reduce the overhead of storing the paletie index
map. These coding tools may inchade, for exarople, run calculation, two-dimensional pattern
prediction, and/or palette index scan order.

[8868] A “run” value may be used to indicate the length of the consecative positions
that have the paletie index. There may be multiple kinds of prediction modes, e.g., run mode
and copy mode. In a run mode, an index value at a position may be compared to an index
value at a previous position {e.g., the position 1o the lefi, assuming normal horizontal raster
scan order in run mode or the position above assumming normal vertical scan order in copy

mode). i run mode is indicated, if the index value of the current pixel is the same as the
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mdex valoe of the pixel n the previous position, the ron valie may be tncreased until a pixel
with a different index value 1s encountered. If copy mode is indicated, the index vaiuc at s
position in the paletie index map may be compared 1o the index value at the position
mmediately above the current position. [f they share the same index vahie, then the run value
may be increased.

18869] In a run mode, the index and/or run value of the first pixel’s color value in the
mdex map may be coded, ez, the index may be coded, and the run value may be coded. Ina
copy mode, the run value {(e.g., only the run value) may be coded, e.g., the indices that
represent the pixel color values may be copied from the previously coded row. An encoder
may select a copy meode if both modes have the same run value because selecting the copy
mode may result in less side nformation {e.g., a copy mode may use fower bits to represent

N

). As shown in FIG. 12, if a current position CO s coded as a run

s

the same number of pixels
mode, and the color value index of C8 1s the same as its top pixel T, the run of the current
row that begins at CO may be larger than the number of identical pixels starting with TO of
the above row; otherwise, the encoder may have selected a copy mode. In the example shown
in FI1G. 12, the run of the top row may be 6. In this example, the ron of the current row may
be greater than 6. The difference between the run of the current row and the run of the top
row {e.g., only the difference) may be coded.

{8876} For example, the encoder may select the run mode when the run valoe of the
run mode is greater than the ron value of the copy mode. For example, a constraint flag may
be included in the bitstream {e.g., in a sequence parameter set) to signal that the bitstream is
generated with the constraint.

18671} A segment may include a group of pixels coded in a run mode or in a copy
made. In a tun mode, two syntax elemends (e.g., index, run} may be coded. In a copy mode, a
syntax element {e.g., rom) may be coded. CO may be the first position of the current segment.
TO may be the above position of CO. Row{x) may be the row nomber of position x. Run{x)
may be the value of run at the position x. An encoder decision may be made by, for example,
encoding the rum value as Run{C0) — run_top-1 or as Run{(C0}, e.g., according to the
following:

i

if (Row {CO} > == RUN and index{C0} == index (TO} }

o
3]
o)
=
O
[0
o
o~
@}
o

U

o = 0

run_top< BlockWidth && index(TC+run top) ==
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index (T0+run _top+l))
run_ Loptt;

run_for enco ding = Run{C0) - run_top-1;
;lse
| run_for encoding = Run{C0);
{;%72} At the decoder, the value of “run” for the run mode may be interpreted, for

example, according to the following:

DecodelMode ) :

1if {mode

~

(CO
Faral
o)

— ’_)

DecodeIndex (CU};

t:

DecodeRun {CO) ¢

1f(Row (CO} >0 && indexz (CO) == index{(T0))
{

run_top = 0;

While{(run top< BlockWidth && index(TU+run top) ==
index{T0+run top+l))
run topt+;
Run{(CC0) += run top+l;

—;

8473} While the example illustrated in FIG. 12 may usc row-wise encoding, a similar

pr—

technique may be applied for other directional encodings of the runs. For example, any of the
scan orderings shown in FIG, 8 may be used. If the columm-wise encoding in FIG. 8(h) is
used, the comparison may be between pixels in a current column and pixels in a previously-
encoded adjacent colummn. If the diagonal scan encoding in FIG. 8(e) is used, the comparison
may be between pixels along a curvent diagonal and pixels along a previcusly-encoded
adjacent diagonal.

16674} In palette-based scroen content coding, the palette index of each pixel may be
predicted for one pixel after another. A two-dimensional pattern may group pixels together
mto larger units (e.g., pixel pattern units or PPUS) such that the magnitude of run values and
the number of runs may be reduced. Some examaples of two-diroensional patierns are
iHustrated in FIG. 6, in which solid lines may demarcate the separation between PPUSs and
dashed lines may demarcate individual pixels within the PPUs. For example, if a 1+2 pattern
is used, as shown at {a), the two pixels in cach PPU may share the same ron value. As

compared to using a Ix1 patiorn, a 1x2 pattern may reduce the amount of run clements 1o
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encode the video signal. When the indices of the two pixels are the same, the magnitude of
the run value may be reduced.

18075} Patterns (a) through (h) in FIG. 6 are some exemplary patterns for PPUs,
Pattern (a) is a two pixel pattern that may melade two vertically adjacent pixels. Pattern (b) is
a two pixel pattern that may include two horizontally adjacent pinels. Pattern (¢) 1s a four
pixel pattern that may include four vertically adjacent pixels. Pattern {d) is a four pixel
pattern that may include four horizontally adjacent pixels. Pattern (e} 15 a four pixel pattern
that may inchude four adjacent pixels in a square.

18876} Hybrid patterns may combine multiple inhomogeneous two-dimensiconal
patterns, as shown by patterns (—(h}. For instance, PPU pattern (f) may include 16 pixels
arranged as four patiern (b)s positioned above four patiern (a)s. Pattern (g) may jnclude 16
pixels arranged as two patiern (¢)s above two pattern (d)s. Pattern (h) may include two

paticm (¢)s positioned above two patiern (d)s. Many other patierns and pattern sizes may be

possible.
{86771 To signal the usage of two-dimensional pattern prediction, a value of N may

be coded to signal whether or not two-dimensional pattern prediction is used in the cuwrrent
CU. For instance, if N is equal t0 0, a 1x] patters may be used in the current CU. Otherwise,
the value of N may be used to indicate which of the various predefined two-dimensional
patterns may be osed n the corrent CU.

18478] If this two-dimensional pattorn prediction method is used, then, when
performing the run mode prediction, a pixel inside the pattem may be compared to the pixel
in the corresponding position of the nearest pattern along the inverse divection of the palette
index scan order. For example, FIG. 7 shows a CU 701 composed of PPUs 703 using the two
pixel, 1x2 PPU patiern (a) from FIG. 6. In these PPUs, there muay be two pixels 703, 706 per
PPU, e.g., top and bottom. Top pixel CO of the current PPU may be predicted from top pixel
PO of the PPU 1immediately to the left of the corrent PPU {except, for example, for the fist
PPU in a row), and bottom pixel C1 of the current PPU may be predicted from bottom pixel
P1 of the PPV immediately to the left of the current PPU.

{86791 I copy mode prediction is used (such that the preceding PPU in the scan order
may be the PPU above the current PPU, rather than the PPU to the left of the cunvent PPU), a

pixel inside the pattern may be compared to its coliocated pixel location in its preceding PPU.
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In order to fast search the collocated pixel {e.g., the pixel having the corresponding position)
in the preceding PPU, two lookup tables may be used for run and copy meodes, and the two
lookup tables for each bleck size and two-dimensional pattern moay be predefined at the
encoder and decoder sides.
{6086} For the palette index scan order, a portion or position {(e.g., pixel or PPLI) of
the CU (or other block segment of the video data) may be predicted in vertical or horizontal
raster scan order, as shown in patterns (a) and (b), respectively, of FIG. §. A portion or
position of the CU may be predicted in a scan line order, as shown, for example, in patierns
{c} and (d) of FIG. 8. A scan line may be horizontal or vertical, for example, and may inchude
one or more horizontal and/or vertical line portions.
{8081} A scan line (2.g., a raster Hne) may be scanned in the opposite direction of the
preceding parallel scan line, as shown by patterns (¢} and (d) in FIG. 8 for ron mode and copy
mode, respoctively. The lkelihood of similarity of the paleite indices between sequentially
scanned PPUs in the scan order path may be preserved. For example, at the ends of raster
lines, the sequentially next PPU is located physically adjacent the previously scanned PPU in
the actual video image. In an example, the scan order may be a diagonal zig-zag, as
illustrated by scan order patterns (¢} and (f) in F1G. 8.
[BO82] The value of the PPU to be used as the basis for index prediction may be reset
to the PPU immediately above the curvent PPU for the PPU in the first position of each row
when doing run mode prediction with raster scan order.
18083} For example, the blocks may inchude eight pixcls arranged in a 4 x 2 pattern,
and one block may include pixels having the following values:

ABCD

AAAD
The prediction for the first position of the second row in a run mode may be D because that is
the valoe of the pixel in the preceding position, e.g., the last position of the first row. the
value of the pixel prediction is reset to the PPU immediately above the corrent PPU, the
prediction in run mode may be A because that is the value of the pixel immediately above
that pixel {e.g., in the first position of the first row). Because the next two consecutive A’s in
the second row also are A’s, the enceding may be A (e.g., corresponding to the color value of

the first pixel in the first row) with a un value of 3 {e.g., corresponding to the first three
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pixels in the second row). The scanning mode may switch between run mode and copy mode
n the middie of a nm value.

{8084} The same concept can be applied in run mode in vertical scan order, in which
case the valae of the PPU to be used as the basis for pixel prediction for the PPU in the first
position of gach columm may be reset to the PPU innmediately to the left of that PPU.

{8085] Syutax clements may signal ClUs that may be coded with a palette coded mode
may be signaled. Palette coding as disclosed herein may be signalled 1o the bitstream using
syntax elements. For example, at the CU level, palette_table rease flag may indicate whether
the current CU reuscs the color clements of the paletie table predictor as the palette table of
the current CU or not, H palette_table reuse flag is equal to 1, the paletic table reuse mode
may be applied to the curvent CU. The color elements in the palette table of the curvent CU
may be copied from that of the palette table predictor. If palette table reuse flag is equal to
{3, the current CU may usc a new sct of colors as its paletic table.

18086} A syniax element, such as palette_pattern_mode, may indicate whether the
two-dimensional palette coding is enabled and which coding pattern is used. If
paletic_paticrn_mode is equal (o 0, 3 1x1 pattern may be used. Otherwise, the value of
paletie_pattern_mode may be used to indicate which predefined two-dimensional paticrn
(see, e.g., exemplary patterns in FIG. 6} is used in the current CU.

{88871 A syntax element, sach as palette index scan order, may be used to signal
which palette index scan order is used. For example, if palette _index_scan_order is equal to
{3, the raster scan order may be used in the paletie index prediction process. Otherwise, the
value of palette_index _scan_order may be used to indicate which predefined scan order (see,
e.g., cxeraplary patterns in FIG. &) is used. For example, whether the traverse scan is
performed horizontally with horizontally scan lines or vertically with vertical scan lines may
be signaled.

[B888] Table | illustrates example syntax elements.
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coding_unit{ x0, v, log2ChSize } { Descriptor
Y transquiant bypass_enabled flag )
cu_transquant_bypass_flag ac{v})
n’bS = { 1 <<log2ChSize )
if (palette_mode flag) {
palette_table reuse flag
if {Ipalette_table reuse flag)
{
palette_size minus [ {x0]iy(] ae(v)
for {cldx = 0; ¢idx < 3; cldx ++)
for{ 1 = 0; 1 <=palctte_size_mimusx0y0]; 1 ++ 3
palette[x0}{yO]] cidx]{i] ae(v)
scanfos = 0
palette pattern_mode ae(v)
palette_index_scan order ac(v})
while (scanPos < aChS * nCbS} §
run_mode flag ae(v)
if (rim_mode_flag)
{
palette_index ac(v})
}
Run ac(v)

ranPos=

while (rumPos <= run}{

if (palette_index scan order){

mapidx = palette_index_scan_order_table[scanPos]

¢

elsed

mapldx = scanPos

3
§

if (nm_mode flag){

for (paY Idx=0; pa¥ldx<pa¥S; pa¥ldx++3{

for (paXTdx=0; paXidx<paX§; paXidet+i{

paleticldxi x0 i vO | [mapldx+ pa¥YidxxaChS +paXldx] = paletic_index

N
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clse{

for (paXidx=0; paXldx<paX§; paXidx++}{

copyModeldx = copyModeRefPosition]mapldx+ paYidonChS +paXidal;

paletteldx| x0 | y0 | Imapldx+ pa¥idomChs +paXidx] =
paletteMapl x0 1 v0 1 [copyModeldx]

4
§

N
}

s

[

runPos ++

scanPos+= pa¥ SxpaXS

i
§

N

o

3
5

clse {

if slice_type 1= 1)

Table 1.
8089} FIG. 13A is a diagram of an exemplary communications system 100 in
connection with which one or more disclosed embodiments may be implemented. The
communications system 100 may be a moltiple access system that provides content, such as
voice, data, video, messaging, broadcast, eic., to multiple wireless users. The
communications system 100 may enable multiple wireless users to access such conternd
through the sharing of system resources, including wireless bandwidth. For example, the
communications systems 100 may employ one or more channel access methods, such as code
division multiple access (CDMA), time division multiple access (TDMA), frequency division
multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier FDMA (SC-FDMA),
and the like.
[8694] As shown in FIG. 13A, the communications system 100 may inchude wireless

transmit/receive units (WTRUSs) 102a, 102b, 102¢, 102d, a radio access vetwork (RAN) 104,
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a core network 106, a public switched telephone network (PSTN} 108, the Interpet 110, and
other networks 112, though it will be appreciated that the disclosed embodiments
condemplate any number of WTRUs, base stations, networks, and/or network clements. Each
of the WTRUs 102a, 102b, 102¢, 102d may be any type of device configured to operate
and/or communicate in a wireless environment. By way of example, the WTRUsg 102a, 102h,
102¢, 102d may be configured to transmit and/or receive wircless signals and may inchude
user equipment (UE), a mobile station, a fixed or mobile subscriber wmit, a pager, a cellular
telephone, a personal digital assistant (PDA), a smartphone, a laptop, a netbook, a personal
computer, a wircless sensor, consumer electronics, and the like,

18091} The commumnications systerns 100 may also include a basc station 114z and a
base station 1 14b, Each of the base stations 114a, 114b may be any type of device configured
to wirelessly mterface with at least one of the WTRUs 1024, 102b, 102¢, 102d to facilitate
access to one or more conununication networks, such as the core network 106, the Internet
110, and/or the networks 112, By way of example, the basc stations 114a, 114b may be s
base transceiver station (BTS), a Node-B, an eNeode B, a2 Home Node B, a Home eNede B, a
site controller, an access point (AP}, a wircless router, and the like, While the base stations
114a, 114b arc cach depicted as a single clement, it will be appreciated that the base stations
114a, 114b may include any number of interconmected base stations and/or network elements.
{8093} The base station |14a may be part of the RAN 104, which may also include
other base stations and/or network elements (not shown}, such as a base station controller
(BSC), a radio network controlier (RNC), relay nodes, ete. The base station 114a and/or the
base station | 14b may be configured to transmit and/or receive wireless signals within a
particular geographic region, which may be referred to as a cell (not shown}. The cell may
further be divided into cell sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodiment, the base station 114a may
include three fransceivers, e.g., ong for each sector of the cell. In another embodiment, the
basc station | 14a may employ multiple-input multiple output (MIMG) techuology and,
therefore, may utilize multiple transceivers for each sector of the cell.

16693} The base stations 114a, 114b may communicate with one or more of the
WTRUs 102a, 102b, 102¢, 102d gver an alr interface 116, which may be any suitable

wirgless communication link {e.g., radio frequency {RF), microwave, infrared (IR),
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altraviolet (UV), visible light, efc.). The air interface 116 may be established using any
suitable radio access techuology (RAT).

18094 More specifically, as noted sbove, the commmunications system 100 may be a
multiple access system and may employ one or more channel access schemes, such as
CDMA, TDOMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station
114a in the RAN 104 and the WTRUs 1{2a, 102b, 102Z¢ may imuplement a radio technology
such as Universal Mobile Telecommunications System (LIMTS) Terrestrial Radio Access
{UTRA), which may establish the air interface 116 wsing wideband CDMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA may include High-Speed Downlink Packet Access
(HSDPA) and/or High-Speed Uplink Packet Access (HSUPA)

[8895] In another embodiment, the base station 114a and the WTRUs 102a, 1{2b,
102¢ may implement a radio techuoology such as Evolved UMTS Terrestrial Radio Access (E-
UTRA), which may establish the air interface 116 using Long Term Evolation (LTE) and/or
LTE-Advanced (LTE-A).

16896} In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102¢
may implerent radio fechuologices such as TEEE 802,16 {e.g., Worldwide Interoperability for
Microwave Access (WiMAX)), CDMAZG00, CDMAZ000 1X, CDMAZO0G EV-DO, Interim
Standard 2000 (1S-2000), Interim Standard 95 (IS-95), Interim Standard 856 (15-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution
(EDGE), GSM EDGE (GERAN), and the hike,

18697 The base station 114b in FIG. 13A may be a wireless router, Home Node B,
Home eNeode B, or access poiunt, for exampie, and may utilize any suitable RAT for
facilitating wireless connectivity in a localized area, such as a place of business, a home, a
vehiele, a campus, and the like. In one embodiment, the base station 1 14b and the WTRUs
102¢, 102d may implement a radio technology such as IEEE 802.11 to establish a wireless
local area network (WLAN). In ancther embeodiment, the base station 114b and the WTIRUs
102¢, 102d may imploment a radio technology such as TEEE 802,15 1o cstablish a wircless
personal area network (WPAN). Tn yet another embodiment, the base station 114b and the
WTRUs 102¢, 102d may utilize a cellular-based RAT (e.g., WCDMA, CDMAZ20600, GSM,
LTE, LTE-A, etc.} to cstablish a picocell or fomtocell. As shown in FIG. 13A, the base
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station 114b may have a divect connection to the Internet 110. Thus, the base station 114b
may not be required to access the Internet 116 via the core network 106.

{8098} The RAN 104 may be in communication with the core network 106, which
may be any type of network configured to provide voice, data, applications, and/or voice over
mternct protocol (VoIP) services to one or more of the WTRUs 102a, 102b, 102¢, 102d. For
example, the core network 106 may provide call control, billing services, mobile location-
based services, pre-paid calling, Internet connectivity, video distribution, efc., and/or perform
high-level security functions, such as user authentication. Although not shown in FIG. 13A, t
will be appreciated that the RAN 104 and/or the core network 106 may be in direct or indirect
communication with other RANs that employ the same RAT as the RAN 104 or a different
RAT. For example, in addition to being connected to the RAN 104, which may be utilizing
an BE-UTRA radio technology, the core network 106 may also be in communication with
another RAN (not shown) employing a2 GSM radio technology.

18099] The core network 106 may also serve as a gateway for the WTRUs 1024,
102b, 102¢, 1024 o access the PSTN 108, the Internat 110, and/or other networks 112, The
PSTN 108 may include cirauit-switched telephone networks that provide plain old telephone
service (POTS). The Intornet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the transmission
control protocol (TCP), user datagram protocel (UDP) and the internet protocol (IP) in the
TCP/IP intornet protoco! suite. The networks 112 may include wired or wircless
conunurications networks owned and/or operated by other service providers. For example,
the networks 112 may include another core network comnected to one or more RANSs, which
may employ the same RAT as the RAN 134 or a different RAT.

[8100] Some or all of the WTRUs 1023, 102b, 102¢, 102d in the communicaiions
system 100 may include multi-mode capabilitics, e.g., the WTRUs 102a, 102b, 162¢, 1024
may include muthtiple transceivers for commumicating with different wireless networks over
different wireless links, For example, the WTRU 192¢ shown in FIG, 13A may be configured
to convnunicate with the base station 114a, which may employ a cellular-based radic
technology, and with the base station 114b, which may employ an [EEE 802 radio

technology.
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{8161} FIG. 13B is a system disgram of an example WTRU 102, As shown in FIG.

13B, the WTRU 102 may include a processor 118, a transcciver 120, a ransmit/receive

removable memory 106, removable memory 132, a power source 134, a global positioning
system (GPS) chipset 136, and other peripherals 138, It will be appreciated that the WTRU
102 may include any sub-combination of the foregoing clements while remaining consistent
with an embodiment.

18162} The processor 118 may be a general purpose processor, a special purpose
processor, a conventional processor, a digital signal processor {DSP), a plurality of
MICTOPTOCESSOTs, ONC OF MOTS MICTOPrOcessors in association with a DSP core, a controller, a
microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Array (FPGASs) eireuits, any other type of integrated cireuit (IC), a state machine, and the
like. The processor 118 may perform signal coding, data processing, power control,
mput/output processing, and/or any other functionality that enables the WTRU 102 o operate
in a wireless environment. The processor 118 may be coupled {0 the transceiver 120, which
may be coupled to the transmit/receive clement 122, While FIG. 13B depicts the processor
118 and the transceiver 120 as separate components, i will be appreciated that the processor
118 and the transceiver 120 may be integrated together in an electronic package or chip.
{8183} The transmit/receive element 122 may be configured to transmit signals to, or
receive signals from, a base station {e.g., the basc station 114a} over the air interface 116, For
exanple, in one embodiment, the transmit/receive clement 122 may be an antenna configured
i transmit and/or roceive RE signals. In another embodiment, the transmit/receive element
122 may be an emitter/detector configured to transmit and/or receive IR, UV, or visible light
signals, for example. In yeot another embodiment, the transmwit/reccive clement 122 may be
configured o transmit and receive both RE and light signals. It will be appreciated that the
transmit/receive clement 122 may be configured to transmit and/or receive any combination
of wireless signals,

16104] In addition, although the transmit/receive element 122 is depicted in FIG. 138
as a single element, the WTRU 102 may include any nomber of transmit/receive elements

122, More specifically, the WTRU 102 may employ MIMO technology. Thus, in one
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embodiment, the WTRU 102 may inchude two or more transmit/receive elements 122 {e.g,,
multiple antennas) for transmiiting and receiving wireless signals over the air interface 116.
18105] The transceiver 120 may be configured to reodulate the signals that are to be
transmitted by the tramsmit/receive element 122 and to demodulate the signals that are
received by the transmit/receive element 122, As noted above, the WTRU 162 may have
multi-mode capabilities. Thus, the transceiver 120 may include multiple transceivers for
enabhing the WTRU 102 to communicate via multiple RATs, such as UTRA and IEEE
R02.11, for example.

18106} The processor 118 of the WTRU 102 may be coupled to, and may receive user
nput data from, the speaker/microphone 124, the kevpad 126, and/or the display/touchpad
128 (e.g., a hquuid orystal display (LCD) display unit or organic light-emitting diode (OLED)
display unit). The processor 118 may also output user data to the speaker/microphone 124,
the keypad 126, and/or the display/touchpad 128. In addition, the processor 118 may access
mformation from, and store data in, any type of suitable memory, such as the nov-removable
memory 116 and/or the removable memory 132, The non-removable memory 106 may
imchide random-access memory {RAM), read-only memory (ROM], a hard disk, or any other
type of memory storage device. The removable memory 132 may include a subscriber
dentity module (SIM) card, a memory stick, a secure digital (SD) memory card, and the like.
In other embodiments, the processor 118 may access information from, and store data in,
memory ihat is not physically located on the WTRY 102, such as on a server or a home
computer (not shown).

{8167} The processor 118 may receive power from the power source 134, and may be
configured to distribute and/or control the power to the other components in the WIRU 102,
The power source 134 may be any suitable device for powering the WTRY 102, For
example, the power source 134 may include one or more dry cell batteries {e.g., nickel-
cadmium (NiCd), nickel-zine (NiZn}, nickel metal hydride (NiMH), Hthiom-ion {(Li-ion),
gic.), solar colls, fuel cells, and the hike.

19108} The processor 114 may also be coupled to the GPS chipset 136, which may be
configured to provide location information {e.g., longitude and latitude) regarding the current
location of the WTRU 102, In addition to, or in hieu of, the information from the GPS chipset

136, the WTRU 102 may receive location information over the air interface 116 from a base
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station (e.g., base stations 114a, 114b) and/or determine its location based on the timing of
the signals being received from two or more nearby base stations. it will be appreciated that
the WTRLU 102 may acquire location information by way of any suitable location-
determination method while remaining counsistent with an embodiment.

{61089} The processor 118 may further be coupled o other peripherals 138, which
may include one or more software and/or hardware modules that provide additional features,
functionality, and/or wired or wireless connectivity. For example, the peripherals 138 may
imchide an accelerometer, an e-compass, a satellite transceiver, a digital camera (for
photographs or video), a universal serial bus (USB) port, a vibration device, a telovision
transceiver, a hands free headset, a Bluetooth® module, a frequency modulated (FM) radic
unit, a digital music player, a media player, a video game player module, an Internet browser,
and the like.

18118] FiGG, 13C is a system diagram of the RAN 104 and the core network 106
according to an cmbodiment. As noted above, the RAN 104 may coploy & UTRA radio
technology to communicate with the WTRUs 1024, 102b, 102¢ over the air interface 116.
The RAN 104 may also be in conunumication with the core network 106. As shown in FIG.
13C, the RAN 104 may include Node-Bs 140a, 140b, 140c¢, which may cach include onc or
more transceivers for commumnicating with the WTRUs 102a, 102b, 1062¢ over the air
mterface 116, The Node-Bs 140a, 140b, 140¢ may each be associated with a particular cell
{(not shown) within the RAN 104, The RAN 104 may also inclode RNCs 142a, 142b. 1t will
be appreciated that the RAN 104 may include any number of Node-Bs and RNCs while
reynaining consistent with an embodiment.

81114} As shown in FIG. 13C, the Node-Bs 1403, 140b may be in communication
with the RNC 142a. Additionally, the Node-B 140c¢ may be in convnunication with the
RNC142b. The Node-Bs 140a, 140b, 140c may commmunicate with the respective RNCs 142a,
142b via an hib interface. The RNCs 1424, 1425 may be in communication with one another
via an [ur interface. Each of the RNCs 142a, 142b may be configured to control the
respective Node-Bs 140a, 140b, 140c to which it is connected. In addition, cach of the RNCs
142a, 142b may be configured to carry out or support other functionality, such as outer loop
power contrel, load control, admission control, packet scheduling, handover control,

macrodiversity, security finctions, data encryption, and the like.
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{8112} The core network 106 shown in FIG. 13C may inclade a media gateway
{(M{GW) 144, a mobile switching center (MSC) 146, a serving GPRS support node (SGSN)
148, and/or a gateway GPRS support node (GGSN) 150, While each of the foregoing
clements are depicted as part of the core network 106, 1t will be appreciated that any one of
these clements may be owned and/or operated by an entity other than the core network
operator.

18113} The RNC 142a in the RAN 104 may be comnected to the MSC 146 i the core
network 106 via an TuCS interface. The MSC 146 may be commected to the MGW 144, The
MSC 146 and the MGW 144 may provide the WTRUs 102a, 102b, 102¢ with access {o
circuit-switched networks, such as the PSTN 108, to facilitate comnumications between the
WTRUs 1022, 102b, 102¢ and traditional land-line communications devices.

{8114 The RMNC 142a in the RAN 104 may also be connected to the SGSN 14R in the
core network 106 via an [oPS interface. The SGSN 148 may be connected to the GGSN 150,
The SGSN 148 and the GGSN 150 may provide the WTRUs 1023, 102h, 102¢ with access 1o
packet-switched networks, such as the Internet 110, to facilitate communications between and
the WTRUs 102a, 102b, 102¢ and IP-enabled devices.

8115} As noted above, the core network 106 may also be connected to the networks
112, which may include other wired or wirveless networks that are owned and/or operated by
other service providers,

{8116} FI1G. 13D is a system diagram of the RAN 104 and the core network 106
according to another embodiment. As noted above, the RAN 104 vay cmploy an E-UTRA
radio technology to communicate with the WTRUSs 102a, 102b, 102¢ over the air mterface
116, The RAN 104 may also be in communication with the core network 106,

8117} The RAN 104 may include eNode-Bs 160a, 160b, 160c¢, though it will be
appreciated that the RAN 104 may include any number of eNode-Bs while remaining
consistent with an embodiment. The eNode-Bs 160a, [60b, 160c¢ may each mclude one or
more transceivers for conmununicating with the WTRUs 1023, 102b, 102¢ over the air
interface 116, In one cmbodiment, the eNode-Bs 160a, 160b, 160c may implement MIMO
technology. Thus, the eNode-B 160a, for example, may use multiple antenmas to transmit

wireless signals to, and receive wireless signals from, the WTRY 1{02a.
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{6118} Each of the eNode-Bs 160a, 160b, 160c may be associated with a particular
cell (not shown) and may be configured to handle radio resource management decisions,
handover decistons, scheduling of users in the uplink and/or downlink, and the kike. As
shown in FIG. 13D, the eNode-Bs 160a, 160b, 160¢ may communicate with one another over
an X2 interface.

[#119] The core network 106 shown in FIG. 130 may include 3 mobility
management gateway {MME) 162, a serving gateway 164, and a packet data network (PDN)
gateway 166. While each of the foregoing elements are depicted as part of the core network
106, it will be appreciated that any one of these elements may be owned and/or operated by
an endity other than the core network operator.

{8128} The MME 162 may be comnected 1o each of the eNode-Bs 160, 160b, 160c in
the RAN 104 via an S1 interface and may scrve as a control node. For example, the MME
162 may be responsibic for authenticating users of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, selecting a particular serving gateway during an initial attach of the
WTRUs 1024, 102b, 102¢, and the like. The MME 162 may also provide a control plane
fonction for switching between the RAN 104 and other RANSs (not shown) that coploy other
radio technologies, such as GSM or WCDMA.

{8121} The serving gateway 164 may be connected to each of the eNode Bs 160a,
160b, 160c in the RAN 104 via the St interface. The serving gateway 164 may gencrally
rouie and forward user data packets to/from the WTRUs 102a, 102b, 102¢. The serving
gateway 164 may also perform other functions, such as anchoring user planes during inter-
eNode B handovers, triggering paging when downlink data is available for the WTRUs 1022,
10Zb, 102¢, managing and sioring contexts of the WTRUs 102a, 102b, 102¢, and the like.
18122} The serving gateway 164 may also be connected to the PN gateway 166,
which may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched networks,
such as the Internet 16, to facilitate communications between the WTRUs 102a, 102b, 102¢
and IP-enabled devices.

18123} The core network 106 may facilitate communications with other networks. For
example, the core network 106 may provide the WTRUs 102a, 102b, 102¢ with access to
circuii-switched networks, such as the PSTN 108, to facihitate commaunications between the

WTRUs 1{02a, 102b, 102¢ and traditional land-line communications devices. For example,
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the core network 106 may include, or may communicate with, an IP gateway {e.g., an IP
multimedia subsystem (IMS) server) that serves as an interface between the core network 106
and the PSTN 108, Tn addition, the core network 106 may provide the WTRUs 102a, 102b,
102¢ with access to the networks 112, which may include other wired or wireless networks
that are owned and/or operated by other service providers.

8124} FIG. 13E is a system diagram of the RAN 104 and the core network 106
according to another embodiment. The RAN 104 yay be an access service network (ASN)
that employs IEEE 802.16 radio technology to conmmonicate with the WTRUs 1024, 102b,
102¢ over the air interface 116. As will be further discussed below, the communication links
between the different functional entities of the WTRUs 102a, 102b, 102¢, the RAN 104, and
the core network 106 may be defined as reference points.

{81257 As shown i FIG, 13E, the RAN 104 may include base stations 170a, 170b,
170c, and an ASN gateway 172, though it will be appreciated that the RAN 104 may include
any number of base stations and ASN gateways while romaining consistent with an
embodiment. The base stations 1704, 170b, 170¢ may each be associated with a particular
cell (not shown) in the RAN 104 and may each include one or more transceivers for
communicating with the WTRUs 102a, 102b, 10Z2¢ over the air inferface 116, In oue
embodiment, the base stations 170a, 170b, 170¢ may implement MIMO technology. Thus,
the base station 170a, for example, may use multiple antenmas to transmit wireless signals to,
and receive wireless signals from, the WTRU 102a. The base stations 170a, 170b, 170c may
also provide moebility management functions, such as handoft triggering, tunnel
cstablishment, radio resoorce management, tratfic classification, quality of service {QoS)
policy enforcement, and the like. The ASN gateway 172 may serve as a traffic aggregation
point and may be responsible for paging, caching of subscriber profiles, routing to the core
network 106, and the like.

[B#126] The air interface 116 between the WTRUs 102a, 102b, 102¢ and the RAN 104
may be defined as an R1 reference point that implements the IEEE 8(02.16 specification. In
addition, cach of the WTRUSs 102a, 102b, 102¢ may cstablish a logical interface (not shown)
with the cove network 106, The logical interface between the WTRUs 102a, 102h, 102¢ and

the core network 106 may be defined as an R2 reference point, which may be used for
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authentication, authorization, IP host configuration management, and/or mobility
management.

81274 The communication link between each of the base stations 170a, 170b, 170¢
may be defined as an RR reference point that includes protocols for facilitating WTRU
handovers and the transfer of data between base stations. The commumnication Huk between
the base stations 170a, 170b, 17{c¢ and the ASN gateway 172 may be defined as an R6
reference pont. The R6 reference point may include protocols for facilitating mobility
management based on mobility events associated with each of the WTRUs 102a, 102b, 100c.
{6128} As shown in FIG. 13E, the RAN 104 may be connected o the core network
106. The communication ok between the RAN 104 and the core network 106 may defined
as an R3 reference point that inclodes protocols for facilitating data wwansfer and mobility
management capabilities, for example. The core network 106 may inclode a mobile IP home
agent (MIP-HA} 174, an authentication, asthorization, accounting {AAA) server 176, and a
gateway 178. While cach of the foregoing eloments are depicted as part of the core network
106, it will be appreciated that any one of these clements may be owned and/or operated by
an entity other than the core network operator.

18129} The MIP-HA 174 may be responsible for 1P address management, and may
enable the WTRUs 102a, 102b, 182¢ to roam between different ASNs and/or different core
networks. The MIP-HA 174 may provide the WTRUs 102a, 102b, 102¢ with access to
packet-switched networks, such as the Internct 110, o faciiitate conmumunications between the
WTRUs 102a, 102b, 102¢ and 1P-cnabled devices, The AAA server 176 may be respousible
for user authentication and for supporting user services. The gateway 178 may facilitate
mterworking with other networks. For example, the gateway 178 may provide the WTRUs
1023, 102hb, 102¢ with access to circuti-switched networks, such as the PSTN 108, to
facilitate conmmunications between the WTRUs 1024, 102b, 102¢ and traditional land-line
conumunications devices. In addition, the gateway 178 may provide the WTRUs 1024, 102b,
102¢ with access to the networks 112, which may include other wired or wircless networks
that are owned and/or operated by other service providers.,

18134] Although not shown  FIG. 13E, it will be appreciated that the RAN 104 may
be connected to other ASNs and the core network 106 may be conmected to other core

networks, The communication link between the RAN 104 the other ASNs may be defined as
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an R4 reference point, which may mchude protocols for coordinating the mobility ofthe
WTRUs 102a, 102b, 102¢ between the RAN 104 and the other ASNs. The communication
ink between the core network 106 and the other core notworks may be defined as an RS
reference, which may include protocols for facilitating interworking between home core
networks and visited core networks.

18131} The processes and instrumentalitics described herein may apply in any combination,
may apply to other wireless technologies, and for other services.

181321 A WTRU may refer to an identity of the physical device, or to the user’s identity such
as subscription related identitics, eg., MSISDN, SIP URIL ete. WTRU may refer to
application-based identitics, e.g., user names that may be used per application.

{8133} The processes described above may be implemented in a computer program, software,
and/or firmware incorporated in a computer-readable medinm for execution by a computer
and/or processor. Examples of computer-readable media inclode, but are not limited to,
clectronic signals (fransmitted over wired and/or witeless connections) and/or computer-
readable storage media. Examples of computer-readable storage media imchude, but are not
Himited to, a read only memory (ROM), a random access memory (RAM]), a register, cache
memory, seniconductor memory devices, magnetic media such as, but not lmited to, internal
hard disks and removable disks, magneto-optical media, and/or optical media such as CD-
ROM disks, and/or digital versatile disks (DVDis). A processor i association with software
may be used fo implement a radio frequency transceiver for use in a WTRU, UE, terminal,

hase station, RNC, and/or any hoest computer.
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CLAIMS

1. A method for video dats coding with a paletic mode, the method comprising:

producing a palette table containing one or more color indices, a color index
corresponding to a color;

creating a palette index map that maps one or more pixels of the video data to a color
index in the paletic tabie;

perfornung a traverse scan, wherein a scan line is scanned in an opposite direction of
a preceding parallel scan line; and

generating, based on the fraverse scan, a palette index map prediction data that

indicates values in the palette index map associated with at feast some portions of the video

data.
2. The method of claim 1, whercin the color comprises one or more color components.
3. The method of claim |, whevein the scan Hne and the preceding parallel scan line are

horizontal scan lines.

4. The method of claim 1, wherem the scan Hne and the preceding parallel scan line are

vertical scan lines.

5. The method of claim 1, fimther comprising signaling whether the scan line and the

preceding paralle! scan line are horizontal scan lines or vertical scan lines.

-

6. The method of claim 1, further comprising gencrating a palette table predictor

comprising one or more color values,

7. The method of claim 6, wherein one or more colors in the palette table are copied

from one or more colors 1 the palette table predictor.

8. The method of claim 6, forther comprising updating the one or more color values in

the paletic table predictor with the one or more colors in the paletic able.
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9. The method of claim 1, wherein the video data corresponds to a coding unit.
10 The method of claim 9, further comprising repeating producing the palette table,

creating the palette index map, and generating the palette index map prediction data for a

plurality of coding units in a video picture.

i1 The method of claim 1, wherein the palette table and palette mdex map prediction

data are included in a video bitstream.

12. The method of claim 1, further comprising generating a palette table predictor

comprising one or more color values.

13. The method of claim 12, wherein at least one index of the one or more color indices in
the palette table is produced at least by:

calculating a first cost of cncoding the color associated with the at least one index
using a color in the paletie table predictos;

calculating a second cost of encoding the color associated with the at least one index
as a new color in the palette table; and

sclecting the smaller cost of the first cost and the sccond cost.

14. The method of claim 13, wherein the first cost and the second cost are calculated as a

rate distortion cost.

15, The method of claim 1, wheremn the color associated with an index that is mapped to
one of more pixels in the video coding unit is selocted as an average of the one or more colors

associated with the one or more pixels in the video coding onit.

16. The method of claim {5, wherein the average 1s a weighted average, and wherein

weights correspond 1o respective frequencies of sccurrence of the one or more colors,
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17 A video coder for coding a video data with a palette mode, the video coder
comprising:
a processor contigured to exceute processor-executable instructions; and
a memory storing instructions that, when executed by the processor, cause the
Processor to
produce a palette table containing one or more color indices, a color index
corresponding to a color;
create a palette index map that maps one or more pixels of the video data to a
color index in the palette table;
perform a fraverse scan, wherein a scan line is scanned in an opposite direction
of a preceding parallel scan Ine; and
generate, based on the traverse scan, a palette index map prediction data that

ndicates values m the palette index map associated with at least some portions of the video

data.

18, The video coder of clatm 17, wherein the color comprises one or more color
components,

9. The video coder of claim 17, wherein the scan line and the preceding paraliel scan

iine are horizontal scan lines.

20. The video coder of claim 17, wherein the scan line and the preceding parallel sean

line are vertical scan lines.

21 The video coder of elaim 17, wherein the memory stores further instructions for

signaling whether the scan hine and the preceding parallel scan line are horizontal sean Hines

P

or vertical scan lines.

22 The video coder of claim 17, wherein the memory stores further instructions for

generating a palette table predictor comprising one or more color valaes.
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23. The video coder of claim 22, wherein one or more colors in the palette table are

copied from one or more colors in the paletic table predictor.

24, The video coder of claim 22, wherein the memory stores further instructions for
updating the one or more color vahies in the palette table predictor with the one or more

colors in the paictte table.

25 The video coder of claim 17, wherein the video data corresponds to a coding unit,
26. The video coder of claim 25, wherein the memory stores further fnstructions for

repeating producing the palette table, creating the palette fndex map, and generating the

palette index map prediction data for a phurality of coding units in a video picture.

27. The video coder of ¢claim 17, wherein the memory stores further nstructions for:
5

mchuding the palette table and palette index map prediction data in a video bitstream.

28. The video coder of claim 17, wherein the palette table and palette index map
prediction data are incloded in a video bitstream,
29. The video coder of claim 28, wherein the memory stores further mnstructions for

generating a paletie table predictor comprising one or more color valaes,

340, The video coder of clatm 29, wherein at least one index of the one or more color
mdices in the palette table is produced at least by:

calculating a first cost of encading the color associated with the at least one index
using a color in the palette table predictor;

calculating a second cost of encoding the color associated with the at least one index
as a new color in the palette table; and

sclecting the smaller cost of the first cost and the second cost.

31 The video encoder of claim 30, wherein the first cost and the second cost are

calculated as a rate distortion cost,
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32. The video encoder of claim 2%, wherein the color asscciated with an index that is
mapped to one or more pixels in the video coding unit is selected as an average of the one or

more colors associated with the one or more pixels in the video coding vt
33.  The video cacoder of claim 32, wherein the average is a weighied average, and

wherein weights correspond to respective frequencies of occurrence of the one or more

colors.
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