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Video Data Stream Concept

Description

The present application is concerned with videoadstream concepts which are, in
particular, advantageous in connection with lovagiepplications.

HEVC [2] allows for different means of High Levey@ax signaling to the application
layer. Such means are the NAL unit header, Param8tis and Supplemental
Enhancement Information (SEI) Messages. The lateenot used in the decoding process.
Other means of High Level Syntax signaling origcntom respective transport protocol
specifications such as MPEG2 Transport Protocobf3jhe Realtime Transport Protocol
[4], and its payload specific specifications, foxample the recommendations for
H.264/AVC [5], scalable video coding (SVC) [6] oEMC [7]. Such transports protocols
may introduce High Level signaling that employs iamstructures and mechanism as the
High Level signaling of the respective applicatiager codec spec, e.g. HEVC [2]. One
example of such signaling is the Payload Conteata®dity Information (PACSI) NAL
unit as described in [6] that provides supplemenitafiormation for the transport layer.

For parameter sets, HEVC includes Video Parameter(\8PS), which compiles most
important stream information to be used by the iappbn layer at a single and central
location. In earlier approaches, this informatiopeded to be gathered from multiple
Parameter Sets and NAL unit headers.

Prior to the present application, the status ofdtamdard with respect to Coded Picture
Buffer (CPB) operations of Hypothetical Referenaecfder (HRD), and all related syntax
provided in Sequence Parameter Set (SPS)/ Videailiganformation (VUI), Picture
Timing SEI, Buffering Period SEI as well as theidigion of the decoding unit, describing
a sub-picture and the syntax of the Dependent Shsepresent in the slice header as well
as the Picture Parameter Set (PPS), were as follows

In order to allow for low delay CPB operation onb<uicture level, sub-picture CPB
operations have been proposed and integrated letdHEVC draft standard 7 JCTVC-
11003 [2]. Here especially, the decoding unit hasrbdefined in section 3 of [2] as:

decoding unit: An access unit or a subset of aaccess unit. If SubPicCpbFlag is equal
to 0, a decoding unit is aaccess unit. Otherwise, a decoding unit consists of one oremor
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VCL NAL units in anaccess unit and the associated non-V®IAL units. For the firstvCL
NAL unit in anaccess unit, the associated non-VQWAL units are and the filler datslAL
units, if any, immediately following the firs¥ CL NAL unit and all non-VCLNAL units in
the access unit that precede the firStCL NAL unit. For aVCL NAL unit that is not the first
VCL NAL unit in anaccess unit, the associated non-VQWAL units are the filler dat&NAL
unit, if any, immediately following th&CL NAL unit.

In the standard defined up to that time, the “Tighaf decoding unit removal and decoding
of decoding unit” has been described and added rineRA C “Hypothetical reference
decoder”. In order to signal sub-picture timingg thuffering period SEI message and the
picture timing SEI message, as well as the HRDrpaters in the VUI have been extended
to support decoding units, as sub-picture units.

Buffering period SEI message syntax of [2] is showhig. 1.

When NalHrdBpPresentFlag or VclHrdBpPresentFlag eayeal to 1, a buffering period

SEI message can be associated with any access timit bitstream, and a buffering period
SEI message shall be associated with each RAP sacees and with each access unit
associated with a recovery point SEI message.

For some applications, the frequent presence aiferdng period SEI message may be
desirable.

A buffering period was specified as the set of asagnits between two instances of the
buffering period SEI message in decoding order.

The semantics were as follows:

seq_parameter_set_id specifies the sequence parameter set that contansequence
HRD attributes. The value of seq_parameter_sethall $oe equal to the value of
seq_parameter_set_id in the picture parameteetaenced by the primary coded picture
associated with the buffering period SEI message.vialue of seq_parameter_set_id shall
be in the range of 0 to 31, inclusive.

rap_cpb_params present flag equal tol specifies the presence of the
initial_alt_cpb_removal_delay[ SchedSelldx ] and

initial_alt_cpb_removal_delay_offset[ SchedSelldgyhtax elements. When not present,
the value of rap_cpb_params_present_flag is irdeide equal to 0. When the associated
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picture is neither a CRA picture nor a BLA picturethe value of
rap_cpb_params_present_flag shall be equal to O.

initial_cpb_removal_delay[ SchedSelldx ] and
initial_alt_cpb_removal_delay[ SchedSelldx ] specify the initial CPB removal ae for
the SchedSelldx-th CPB. The syntax elements havéength in bits given by
initial_cpb_removal_delay_length_minusl + 1, and & units of a 90 kHz clock. The
values of the syntax elements shall not be equaD tand shall not exceed
90000 * ( CpbSize[ SchedSelldx|BitRate[ SchedSelldx ] ), the time-equivalent bt
CPB size in 90 kHz clock units.

initial_cpb_removal _delay offset[ SchedSelldx ] and
initial_alt_cpb_removal_delay offset[ SchedSelldx ] are used for the SchedSelldx-th
CPB to specify the initial delivery time of codedtd units to the CPB. The syntax
elements have a length in bits given by initial_agmoval_delay length_minusl + 1 and
are in units of a 90 kHz clock. These syntax eldsiare not used by decoders and may be
needed only for the delivery scheduler (HSS).

Over the entire coded video sequence, the sum of
initial_cpb_removal_delay[ SchedSelldx ] and initgpb_removal_delay_offset[
SchedSelldx ] shall be constant for each value ohe8Selldx, and the sum of
initial_alt_cpb_removal_delay[ SchedSelldx ] andtiah alt cpb_removal_delay_offset[
SchedSelldx ] shall be constant for each valuecbe8Selldx.

The picture timing SEI message syntax of [2] isvamin Fig. 2.

The syntax of the picture timing SEI message wasedéent on the content of the
sequence parameter set that is active for the cpdgdre associated with the picture
timing SEI message. However, unless the picturengn$El message of an IDR or BLA
access unit is preceded by a buffering period Sé&dsage within the same access unit, the
activation of the associated sequence parametéarset for IDR or BLA pictures that are
not the first picture in the bitstream, the deteration that the coded picture is an IDR
picture or a BLA picture) does not occur until thecoding of the first coded slice NAL
unit of the coded picture. Since the coded sliceLNWit of the coded picture follows the
picture timing SEI message in NAL unit order, theray be cases in which it is necessary
for a decoder to store the RBSP containing theugpacttiming SEI message until
determining the parameters of the sequence pararetewill be active for the coded
picture, and then perform the parsing of the petiming SEI message.
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The presence of picture timing SEI message in itiserédam was specified as follows.

— If CpbDpbDelaysPresentFlag is equal to 1, onéupactiming SEI message shall be
present in every access unit of the coded videnesese.

— Otherwise (CpbDpbDelaysPresentFlag is equal ta®)picture timing SElI messages
shall be present in any access unit of the cod#ebvsequence.

The semantics were defined as follows:

cpb_removal_delay specifies how many clock ticks to wait after reraloivom the CPB of
the access unit associated with the most recerfering period SEI message in a
preceding access unit before removing from thedbuffe access unit data associated with
the picture timing SEI message. This value is alsed to calculate an earliest possible
time of arrival of access unit data into the CPBtlee HSS. The syntax element is a fixed
length code whose length in bits is given by cpimaeal delay length_minusl + 1. The
cpb_removal_delay is the remainder of a mod{fRy-gemoval_delay_length_minusl 4y nter,

The value of cpb_removal_delay_length_minus1 tlet¢rthines the length (in bits) of the
syntax element cpb_removal_delay is the value df mgmoval_delay length_minusl
coded in the sequence parameter set that is dotithe primary coded picture associated
with the picture timing SEI message, although cpmaval _delay specifies a number of
clock ticks relative to the removal time of the ggding access unit containing a buffering
period SEI message, which may be an access uaitiifferent coded video sequence.

dpb_output_delay is used to compute the DPB output time of theupéctlt specifies how
many clock ticks to wait after removal of the ldstoding unit in an access unit from the
CPB before the decoded picture is output from tR8D

A picture is not removed from the DPB at its outpote when it is still marked as "used
for short-term reference" or "used for long-terrference”.

Only one dpb_output_delay is specified for a dedqaleture.

The length of the syntax element dpb_output delasy diven in bits by
dpb_output_delay length_minusl + 1. When
sps_max_dec_pic_buffering[ max_temporal_layers _giirju is equal to 0,
dpb_output_delay shall be equal to O.
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The output time derived from the dpb_output_delagroy picture that is output from an

output timing conforming decoder shall precede thdput time derived from the

dpb_output_delay of all pictures in any subsequmued video sequence in decoding
order.

The picture output order established by the vabidhis syntax element shall be the same
order as established by the values of PicOrderGntVa

For pictures that are not output by the "bumpingbcpss because they precede, in
decoding order, an IDR or BLA picture with no_outpaf prior_pics_flag equal to 1 or
inferred to be equal to 1, the output times derivean dpb_output_delay shall be
increasing with increasing value of PicOrderCntk&étive to all pictures within the same
coded video sequence.

num_decoding_units minusl plus 1 specifies the number of decoding unithedccess
unit the picture timing SEI message is associatedih.w The value of
num_decoding_units_minusl shall be in the range 0 of to
PicWidthInCtbs * PicHeightInCtbs — 1, inclusive.

num_nalus in_du_minusl[i] plus 1 specifies the number of NAL units in théhi-
decoding unit of the access unit the picture tim8tgl message is associated with. The
value of num_nalus_in_du minusl[i] shall be in ethrange of0 to
PicWidthInCtbs * PicHeightInCtbs — 1, inclusive.

The first decoding wunit of the access unit consisisf the first
num_nalus_in_du_minusl1[ 0 ] + 1 consecutive NALtsiim decoding order in the access
unit. The i-th (with i greater than 0) decoding tuaf the access unit consists of the
num_nalus_in_du_minusl[i] + 1 consecutive NALtsinmmediately following the last
NAL unit in the previous decoding unit of the accesit, in decoding order. There shall
be at least one VCL NAL unit in each decoding uAlt.non-VCL NAL units associated
with a VCL NAL unit shall be included in the samecdding unit.

du_cpb_removal_delay[ i ] specifies how many sub-picture clock ticks to waiter
removal from the CPB of the first decoding unithe access unit associated with the most
recent buffering period SEI message in a precedaugss unit before removing from the
CPB the i-th decoding unit in the access unit aased with the picture timing SEI
message. This value is also used to calculaterdiastgossible time of arrival of decoding
unit data into the CPB for the HSS. The syntax eleins a fixed length code whose length
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in bits is given by cpb_removal_delay length_mintisi. The du_cpb_removal_delay[ i ]
is the remainder of a modul&%-"emoval_delay_length_minusl +dy yier.

The value of cpb_removal_delay length_minus1 tle&¢rthines the length (in bits) of the
syntax element du_cpb_removal_delay[ i ] is the ugal  of
cpb_removal_delay length_minusl coded in the semuparameter set that is active for
the coded picture associated with the picture @mMIBEI message, although
du_cpb_removal_delay[ i ] specifies a number of-gigdture clock ticks relative to the
removal time of the first decoding unit in the prdmg access unit containing a buffering
period SEI message, which may be an access uaitiifferent coded video sequence.

Some information was contained in the VUI syntaXajf The VUI parameters syntax of
[2] is shown in Fig. 3. The HRD parameters syntbj2pis shown in Fig. 4. The semantics
were defined as follows:

sub_pic_cpb_params present flag equal to 1 specifies that sub-picture level CPB
removal delay parameters are present and the CRB psate at access unit level or sub-
picture level. sub_pic_cpb_params_present_flaglaqua specifies that sub-picture level
CPB removal delay parameters are not present an@BB operates at access unit level.
When sub_pic_cpb_params_present_flag is not pregentalue is inferred to be equal
to 0.

num_units_in_sub_tick is the number of time units of a clock operatingha frequency
time_scale Hz that corresponds to one incremetie¢ca sub-picture clock tick) of a sub-
picture clock tick counter. num_units_in_sub _tidlalé be greater than 0. A sub-picture
clock tick is the minimum interval of time that che represented in the coded data when
sub_pic_cpb_params_present_flag is equal to 1.

tiles fixed_structure flag equal to 1 indicates that each picture paramederttsat is
active in the coded video sequence has the samae val the syntax elements
num_tile_columns_minusl, num_tile_rows_minusl, amif_spacing_flag,
column_width[i], row_height[i] and loop_filteacross_tiles enabled flag, when
present. tiles_fixed_structure_flag equal to O datks that tiles syntax elements in
different picture parameter sets may or may noteh#ive same value. When the
tiles_fixed_structure_flag syntax element is nasent, it is inferred to be equal to 0.
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The signaling of tiles_fixed_structure_flag equalltis a guarantee to a decoder that each
picture in the coded video sequence has the saméeruof tiles distributed in the same
way which might be useful for workload allocatianthe case of multi-threaded decoding.

Filler data of [2] was signaled using filter datB&P syntax shown in Fig. 5.

The hypothetical reference decoder of [2] used heck bitstream and decoder
conformance was defined as follows:

Two types of bitstreams are subject to HRD conforoea checking for this
Recommendation | International Standard. The $usth type of bitstream, called Type |
bitstream, is a NAL unit stream containing only €L NAL units and filler data NAL
units for all access units in the bitstream. Theosd type of bitstream, called a Type Il
bitstream, contains, in addition to the VCL NAL tsand filler data NAL units for all
access units in the bitstream, at least one diolleving:

— additional non-VCL NAL units other than filler @aNAL units,
- all leading_zero_8bits, zero_hyte, start_coddixprene_3bytes, and
trailing_zero_8bits syntax elements that form alstteam from the NAL unit stream.

Fig. 6 shows the types of bitstream conformancatpahecked by the HRD of [2].

Two types of HRD parameter sets (NAL HRD paramedgid VCL HRD parameters) are
used. The HRD parameter sets are signaled throwggio wsability information, which is
part of the sequence parameter set syntax structure

All sequence parameter sets and picture parametiereferred to in the VCL NAL units,
and corresponding buffering period and picture ignSElI messages shall be conveyed to
the HRD, in a timely manner, either in the bitstnear by other means.

The specification for "presence” of non-VCL NAL tsis also satisfied when those NAL
units (or just some of them) are conveyed to desofi® to the HRD) by other means not
specified by this Recommendation | Internationah8&ard. For the purpose of counting
bits, only the appropriate bits that are actuatlgspnt in the bitstream are counted.

As an example, synchronization of a non-VCL NALtuebnveyed by means other than
presence in the bitstream, with the NAL units the¢ present in the bitstream, can be
achieved by indicating two points in the bitstredomtween which the non-VCL NAL unit
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would have been present in the bitstream, had tlicedsr decided to convey it in the
bitstream.

When the content of a non-VCL NAL unit is conveyedthe application by some means
other than presence within the bitstream, the sgation of the content of the non-VCL
NAL unit is not required to use the same syntaxsieel in this annex.

Note that when HRD information is contained witliie bitstream, it is possible to verify
the conformance of a bitstream to the requiremeitthis subclause based solely on
information contained in the bitstream. When theCHiRformation is not present in the
bitstream, as is the case for all "stand-alone"eTlpitstreams, conformance can only be
verified when the HRD data is supplied by some motimeans not specified in this
Recommendation | International Standard.

The HRD contains a coded picture buffer (CPB), @stantaneous decoding process, a
decoded picture buffer (DPB), and output croppisiglzown in Fig. 7.

The CPB size (number of bits) is CpbSize[ SchedRdll The DPB size (number of
picture storage buffers) for temporal layer X is spax_dec_pic_buffering[ X ] for each
X in the range of 0 to sps_max_temporal_layers_sgfininclusive.

The variable SubPicCpbPreferredFlag is either §pedcby external means, or when not
specified by external means, set to O.

The variable SubPicCpbFlag is derived as follows:

SubPicCpbFlag = SubPicCpbPreferredFlag && sub_pmib_params_present_flag

If SubPicCpbFlag is equal to 0, the CPB operatemcagss unit level and each decoding
unit is an access unit. Otherwise the CPB opemttasib-picture level and each decoding
unit is a subset of an access unit.

The HRD operates as follows. Data associated vatioding units that flow into the CPB
according to a specified arrival schedule are éefigt by the HSS. The data associated
with each decoding unit are removed and decodedntaneously by the instantaneous
decoding process at CPB removal times. Each decptare is placed in the DPB. A
decoded picture is removed from the DPB at the latéhe DPB output time or the time
that it becomes no longer needed for inter-preaticteference.



10

15

20

25

30

35

The HRD is initialized as specified by the buffgriperiod SEI. The removal timing of
decoding units from the CPB and output timing otatéed pictures from the DPB are
specified in the picture timing SEI message. Athitig information relating to a specific
decoding unit shall arrive prior to the CPB rematale of the decoding unit.
The HRD is used to check conformance of bitstreantsdecoders.
While conformance is guaranteed under the assumpkiat all frame-rates and clocks
used to generate the bitstream match exactly theesaignaled in the bitstream, in a real
system each of these may vary from the signalesppecified value.
All the arithmetic is done with real values, sottha rounding errors can propagate. For
example, the number of bits in a CPB just prioot@fter removal of a decoding unit is not
necessarily an integer.
The variable ¢is derived as follows and is called a clock tick:
tc = num_units_in_tick time_scale

The variabled suvis derived as follows and is called a sub-pictioek tick:

tc_sub= NUM_units_in_sub_tick time_scale
The following is specified for expressing the coaisits:
— Let access unit n be the n-th access unit indiegoorder with the first access unit

being access unit 0.
— Let picture n be the coded picture or the decquiletdre of access unit n.
— Let decoding unit m be the m-th decoding unitdecoding order with the first
decoding unit being decoding unit O.

In [2], the slice header syntax allowed for so-@altlependent slices.

Fig. 8 shows the slice header syntax of [2].

Slice header semantics were defined as follows:
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dependent_dlice flag equal to 1 specifies that the value of each shieader syntax
element not present is inferred to be equal tovilee of corresponding slice header
syntax element in the preceding slice containirgabding tree block for which the coding
tree block address is SliceCtbAddrRS —1. When noesent, the value of
dependent_slice_flag is inferred to be equal tol® value of dependent_slice_flag shall
be equal to 0 when SliceCtbAddrRS equal to 0.

dlice_address specifies the address in slice granularity regmhuin which the slice starts.
The length of the slice_address syntax element @eil( Log2( PicWidthinCtbs *
PicHeightInCtbs ) ) + SliceGranularity ) bits.

The variable SliceCtbAddrRS, specifying the codirgg block in which the slice starts in
coding tree block raster scan order, is derivefbiésns.

SliceCtbAddrRS = ( slice_address >> SliceGranulgrit

The variable SliceCbAddrZS, specifying the addmfsirst coding block in the slice in
minimum coding block granularity in z-scan orderderived as follows.

SliceCbAddrZS = slice_address
<< ( (log2_diff_max_min_coding_block_size — StBranularity ) <<1)

The slice decoding starts with the largest codimit ypossible at the slice starting
coordinate.

first_dlice in_pic flag indicates whether the slice is the first slice tbé picture. If
first_slice_in_pic_flag is equal to 1, the variab®liceCbAddrZS and SliceCtbAddrRS are
both set to 0 and the decoding starts with thé d¢wgling tree block in the picture.

pic_parameter_set id specifies the picture parameter set in use. Thkievaof
pic_parameter_set_id shall be in the range ofZbtg inclusive.

num_entry_point_offsets specifies the number of entry_point_offset[ i h&ax elements
in the slice header. When tiles_or_entropy_codiygcsidc is equal to 1, the value of
num_entry point_offsets shall be in the range of Oto

( num_tile_columns_minusl + 1) * ( num_tile_rowsnosl + 1) -1, inclusive. When
tiles_or_entropy_coding_sync_idc is equal to 2 vllee of num_entry_point_offsets shall
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be in the range of 0 to PicHeightinCtbs — 1, incles When not present, the value of
num_entry point_offsets is inferred to be equd.to

offset_len_minusl plus 1 specifies the length, in bits, of the enprgint_offset[ i ] syntax
elements.

entry_point_offset[ i] specifies the i-th entry point offset, in legt and shall be
represented by offset_len_minusl plus 1 bits. Towed slice data after the slice header
consists of num_entry_point_offsets + 1 subsett) subset index values ranging from 0
to num_entry point_offsets, inclusive. Subset 0 swa of bytesO to
entry point_offset[ 0 ] — 1, inclusive, of the cadslice data, subset k, with k in the range
of 1 to num_entry_point_offsets - 1, inclusive, sists of bytes entry _point_offset[ k — 1 ]
to entry_point_offset[ k ] + entry_point_offsetfkl ] — 1, inclusive, of the coded slice
data, and the last subset (with subset index d@qualim_entry_ point_offsets) consists of
the remaining bytes of the coded slice data.

When tiles_or_entropy_coding_sync_idc is equal tand num_entry_ point_offsets is
greater than 0, each subset shall contain all cbitsdf exactly one tile, and the number
of subsets (i.e., the value of num_entry _point eaffs- 1) shall be equal to or less than the
number of tiles in the slice.

When tiles_or_entropy_coding_sync_idc is equal,tedch slice must include either a
subset of one tile (in which case signaling of ymoints is unnecessary) or an integer
number of complete tiles.

When tiles_or_entropy_coding_sync_idc is equal tar@d num_entry point_offsets is
greater than 0, each subset k with k in the ranfgg to num_entry_point_offsets — 1,
inclusive, shall contain all coded bits of exaablye row of coding tree blocks, the last
subset (with subset index equal to num_entry_poifgets) shall contain all coded bits of
the remaining coding blocks included in the sliaderein the remaining coding blocks
consist of either exactly one row of coding treeckk or a subset of one row of coding tree
blocks, and the number of subsets (i.e., the valueuim_entry point_offsets + 1) shall be
equal to the number of rows of coding tree blockthe slice, wherein a subset of one row
of coding tree blocks in the slice is also counted.

When tiles_or_entropy_coding_sync_idc is equal,ta 3lice may include a number of
rows of coding tree blocks and a subset of a rowodling tree blocks. For example, if a
slice include two and a half rows of coding treeckk, the number of subsets (i.e., the
value of num_entry_point_offsets + 1) shall be étm&.
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Fig. 9 shows the picture parameter set RBSP syftf}], the picture parameter set RBSP
semantics of [2] being defined as:

dependent_slice _enabled flag equal to 1 specifies the presence of the syntameht
dependent_slice_flag in the slice header for cogedures referring to the picture
parameter set. dependent_slice_enabled_flag eg@aspecifies the absence of the syntax
element dependent_slice_flag in the slice headetdded pictures referring to the picture
parameter set. When tiles_or_entropy _coding_syec igd equal to 3, the value of
dependent_slice_enabled_flag shall be equal to 1.

tiles or_entropy_coding_sync _idc equal to O specifies that there shall be only dedrt
each picture referring to the picture parameter, sbere shall be no specific
synchronization process for context variables irebkefore decoding the first coding tree
block of a row of coding tree blocks in each pietveferring to the picture parameter set,
and the values of cabac_independent_flag and deptrglice_flag for coded pictures
referring to the picture parameter set shall ndbdtd equal to 1.

When cabac_independent_flag and depedent_sliceafiagoth equal to 1 for a slice, the
slice is an entropy slice.]

tiles_or_entropy_coding_sync_iequal to 1 specifies that there may be more thantitn

in each picture referring to the picture parametet, there shall be no specific

synchronization process for context variables imebkefore decoding the first coding tree
block of a row of coding tree blocks in each pietveferring to the picture parameter set,
and the values of cabac_independent_flag and deptrglice_flag for coded pictures

referring to the picture parameter set shall ndbdtd equal to 1.

tiles_or_entropy_coding_sync_iagual to 2 specifies that there shall be only dleeirt
each picture referring to the picture parameter aepecific synchronization process for
context variables shall be invoked before decodmegfirst coding tree block of a row of
coding tree blocks in each picture referring to pieture parameter set and a specific
memorization process for context variables shalhlieked after decoding two coding tree
blocks of a row of coding tree blocks in each pietreferring to the picture parameter set,
and the values of cabac_independent_flag and deperglice_flag for coded pictures
referring to the picture parameter set shall ndbdtd equal to 1.
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tiles_or_entropy_coding_sync_iagual to 3 specifies that there shall be only dleeirt
each picture referring to the picture parameter, sbere shall be no specific
synchronization process for context variables irebkefore decoding the first coding tree
block of a row of coding tree blocks in each pietveferring to the picture parameter set,
and the values of cabac_independent_flag and deptrglice_flag for coded pictures
referring to the picture parameter set may botbdeal to 1.

When dependent_slice_enabled_flag shall be equiilttes _or_entropy_coding_sync_idc
shall not be equal to 3.

Its a requirement of bitstream conformance that e thvalue of
tiles_or_entropy_coding_sync_idc shall be the stonall picture parameter sets that are
activated within a coded video sequence.

For each slice referring to the picture  parameteret, s when
tiles_or_entropy_coding_sync_idc is equal to 2 #redfirst coding block in the slice is not
the first coding block in the first coding tree thoof a row of coding tree blocks, the last
coding block in the slice shall belong to the sanm& of coding tree blocks as the first
coding block in the slice.

num_tile_columns _minusl plus 1 specifies the number of tile columns pamiing the
picture.

num_tile_rows_minusl plus 1 specifies the number of tile rows partitranthe picture.
When num_tile_columns_minusl is equal to O, num_tdws_minusl shall not be equal
to 0.

uniform_spacing_flag equal to 1 specifies that column boundaries akewiise row
boundaries are distributed uniformly across theupéc uniform_spacing_flag equal to O
specifies that column boundaries and likewise romunuaries are not distributed
uniformly across the picture but signaled exphcitusing the syntax elements
column_width[ i ] and row_height[ i ].

column_width[ i ] specifies the width of the i-th tile column in tsof coding tree blocks.

row_height[ i ] specifies the height of the i-th tile row in unitscoding tree blocks.
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The vector colWidth[ i ] specifies the width of tih tile column in units of CTBs with
the column i ranging from 0 to num_tile_columns_usih, inclusive.

The vector CtbAddrRStoTS[ ctbAddrRS ] specifies toaversation from a CTB address
in raster scan order to a CTB address in tile srder with the index ctbAddrRS ranging
from O to (picHeightInCtbs * picWidthInCtbs) — hdlusive.
The vector CtbAddrTStoRS|[ ctbAddrTS ] specifies tmmversation from a CTB address
in tile scan order to a CTB address in raster szder with the index ctbAddrTS ranging
from O to (picHeightInCtbs * picWidthInCtbs) — hadlusive.

The vector Tileld[ ctbAddrTS ] specifies the corsetion from a CTB address in tile scan
order to a tile id with ctbAddrTS ranging from O to
(picHeightInCtbs * picWidthInCtbs) — 1, inclusive.

The values of colWidth, CtbAddrRStoTS, CtbAddrTS®RNd Tileld are derived by
invoking the CTB raster and tile scanning convéssatprocess as specified in
subclause 6.5.1 with PicHeightinCtbs and PicWidilibs as inputs and the output is
assigned to colWidth, CtbAddrRStoTS and Tileld.

The values of ColumnWidthinLumaSamples[i], spgod the width of the i-th tile
column in units of luma samples, are set equabté/ath[ i ] << Log2CtbSize.

The array MinCbAddrZS[ x ][y ], specifying the ogersation from a location (x,y) in
units of minimum CBs to a minimum CB address ircarsorder with x ranging from 0 to
picWidthinMinCbs — 1, inclusive, and y ranging frdnto picHeightinMinCbs - 1,
inclusive, is derived by invoking the Z scanningder array initialization process as
specified in subclause 6.5.2 with Log2MinCbSize, g2G6tbSize, PicHeightInCtbs,
PicWidthInCtbs, and the vector CtbAddrRStoTS asuispand the output is assigned to
MinCbAddrZS.

loop_filter_across tiles enabled flag equal to 1 specifies that in-loop filtering opéras
are performed across tile boundaries. loop_filteross_tiles_enabled flag equal to 0
specifies that in-loop filtering operations are petformed across tile boundaries. The in-
loop filtering operations include the deblockinljefi, sample adaptive offset, and adaptive
loop filter operations. When not present, the valtibop_filter_across_tiles_enabled_flag
is inferred to be equal to 1.
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cabac_independent_flag equal to 1 specifies that CABAC decoding of codihacks in a
slice is independent from any state of the preWlousdecoded slice.
cabac_independent_flag equal to O specifies thaBAA decoding of coding blocks in a
slice is dependent from the states of the prewodsktoded slice. When not present, the
value of cabac_independent_flag is inferred todueakto O.

A derivation process for the availability of a cagliblock with a minimum coding block
address was described as follows:

Inputs to this process are

— a minimum coding block address minCbAddrZS ircarsorder
— the current minimum coding block address currMB&ddrZS in z-scan order

Output of this process is the availability of thedimg block with minimum coding block
address cbAddrZS in z-scan order cbAvailable.

Note, that the meaning of availability is deterngirvéhen this process is invoked.

Note, that any coding block, regardless of its ,sigeassociated with a minimum coding
block address, which is the address of the codiagkbwith the minimum coding block
size in z-scan order.

— If one or more of the following conditions arady cbAvailable is set to FALSE.

— minCbAddrZS is less than 0

— minCbAddrZS is greater than currMinCBAddrZS

— the coding block with minimum coding block addresinCbAddrZS belongs to a
different slice than the coding block with the @mt minimum coding block
address currMinCBAddrZS and the dependent_slicg dfdhe slice containing the
coding block with the current minimum coding blaatdress currMinCBAddrZS is
equal to 0.

— the coding block with minimum coding block addresinCbAddrZS is contained
in a different tile than the coding block with tlearrent minimum coding block
address currMinCBAddrZs.

— Otherwise, cbAvailable is set to TRUE.

The CABAC parsing process for slice data of [2] \@agollows:
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This process is invoked when parsing syntax elesn@ith descriptor ae(v).

Inputs to this process are a request for a valua syntax element and values of prior
parsed syntax elements.

Output of this process is the value of the syntarment.

When starting the parsing of the slice data ofieeslthe initialization process of the
CABAC parsing process is invoked.

The minimum coding block address of the coding tbdéeck containing the spatial
neighbor block T (Fig. 10a), ctbMinCbAddrT, is dexd using the location ( x0, y0 ) of the
top-left luma sample of the current coding treecklas follows.

X =X0 + 2 << Log2CthSize - 1
y=y0-1
ctoMinCbAddrT = MinCbAddrZS[ x >> Log2MinCbSize Y>> Log2MinCbSize ]

The variable availableFlagT is obtained by invokitige coding block availability
derivation process with ctoMinCbAddrT as input.

When starting the parsing of a coding tree, thieéahg ordered steps apply.
1. The arithmetic decoding engine is initialized dtofes.

— If CtbAddrRS is equal to slice_address, dependéoé dlag is equal to1l and
entropy_coding_reset_flag is equal to 0, the follmnapplies.

— The synchronization process of the CABAC parsingcess is invoked with
TableStateldxDS and TableMPSValDS as input.

— The decoding process for binary decisions befenaination is invoked, followed

by the initialization process for the arithmeticdding.
— Otherwise if tiles_or_entropy_coding_sync_idc is ua&q to2, and

CtbAddrRS % PicWidthInCtbs is equal to 0, the faliog applies.

— When availableFlagT is equal to 1, the synchrdiomaprocess of the CABAC
parsing process is invoked with TableStateldxWPH @ableMPSValWPP as
input.

— The decoding process for binary decisions befenaination is invoked, followed
by the initialization process for the arithmeticdding engine.
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2. When cabac_independent_flag is equal to 0 and depérslice flag is equal to 1, or
when tiles_or_entropy_coding_sync_idc is equal,tth2 memorization process is
applied as follows.

—  When tiles_or_entropy_coding_sync_idc is equal to2 and
CtbAddrRS % PicWidthInCtbs is equal to 2, the meraiion process of the CABAC
parsing process is invoked with TableStateldxWRPTableMPSValWPP as output.

— When cabac_independent_flag is equal to 0, depenslme_flag is equal to 1, and
end_of slice flag is equal to 1, the memorizatisocpss of the CABAC parsing
process is invoked with TableStateldxDS and TabISM&DS as output.

The parsing of syntax elements proceeds as follows:

For each requested value of a syntax element aizatian is derived.

The binarization for the syntax element and theusege of parsed bins determines the
decoding process flow.

For each bin of the binarization of the syntax edatnwhich is indexed by the variable
binldx, a context index ctxldx is derived.

For each ctxldx the arithmetic decoding processvisked.

The resulting sequencey(byingx) Of parsed bins is compared to the set of bimgs$rigiven
by the binarization process after decoding of daioh When the sequence matches a bin
string in the given set, the corresponding valuesggned to the syntax element.

In case the request for a value of a syntax elemgnbcessed for the syntax element pcm-
flag and the decoded value of pcm_flag is equdl,tthe decoding engine is initialized
after the decoding of any pcm_alignment _zero_bitmnsubsequent_pcm, and all
pcm_sample_luma and pcm_sample_chroma data.

In the design framework described so far the foltmaproblem occurred.

The timing of the decoding units need to be knowfole coding and sending the data in a
low delay scenario, where NAL units will already $ent out by the encoder, while the
encoder is still coding parts of the picture, béher sub-picture decoding units. This is,
because the NAL unit order in an access unit ollpwa SEI messages to precede the
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VCL (Video Coding NAL units) in an access unit, batsuch a low delay scenario, the
non-VCL NAL units need to be already on the wire, isent out, if the encoder starts
encoding the decoding units. Fig. 10b illustrates $tructure of an access unit as defined
in [2]. [2] did not yet specify end of sequencestream, so their presence in the access unit
was tentative.

Furthermore, the number of NAL units associatechvat sub-picture also needs to be
known beforehand in a low delay scenario, as tbheipg timing SEI message contains this
information and has to be compiled and send outrbethe encoder starts to encode the
actual picture. An application designer reluctamtirisert filler data NAL units, with
potentially no filler data to comply with the NALnit number, as signaled per decoding
unit in the picture timing SEI, needs means to alighis information on a sub-picture
level. The same holds for sub-picture timing, whiskcurrently fixed at the being of an
access unit by the parameters given in the timignSessage.

Further shortcomings of the draft specification [@¢lude numerous signaling of sub-
picture level, which is required for specific agglions, such as ROI signaling or tile
dimensions signaling.

The above outlined problems are not specific toHE&C standard . Rather, this problem
also occurs in connection with other video codecwell. Fig. 11 shows, more generally, a
video transmission scenery where a pair encodeantODdecoder 12 are connected via a
network 14 in order to transmit a video 16 fromaaer 10 to decoder 12 at short end-to-
end delay. The problem already outlined above esféfiowing. The encoder 10 encodes
the sequence of frames 18 of the video 16 in aerme with a certain decoding order
which substantially, but not necessarily, follow treproduction order 20 of frames 18,
and within each frame 18 travels through the fraarea of frames 18 in some defined
manner, such as for example in a raster scan mamitteror without tile-sectioning of
frames 18. The decoding order controls the avditgbof information for coding
techniques used by encoder 10 such as, for exapngldiction and/or entropy coding, i.e.
the availability of information relating to spatiabind/or temporally neighboring portions
of video 16 available to serve as a basis for ptEni or context selection. Even though
encoder 10 might be able to use parallel processirayder to encode the frames 18 of
video 16, encoder 10 necessarily needs some tirednde a certain frame 18, such as the
current frame. Fig. 11, for example, illustratetinge instant where encoder 10 has already
finished encoding portion 18a of a current frame WBile another portion 18b of current
frame 18 has not yet been encoded. As encoder §hdiayet encoded portion 18b,
encoder 10 may not forecast how the availabletbifia encoding current frame 18 should
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be distributed spatially over current frame 18 thiave an optimum in terms of, for
example, rate/distortion sense. Accordingly, encdd® merely has two choices: either
encoder 10 estimates a nearly-optimum distributérthe available bitrate for current
frame 18 onto the slices into which current frangeid spatially subdivided in advance,
accordingly accepting that the estimation may bengr or encoder 10 finalizes encoding
current frame 18 prior to transmitting the paclastaining the slices from encoder 10 to
decoder 12. In any case, in order to be able te sakvantage of any transmission of slice
packets of current coded frame 18 prior to thelizadion of its encoding, network 14
should be informed of the bitrates associated w#bh such slice packet in the form of
coded picture buffer retrieval times. However, radigated above, although encoder 10 is,
in accordance with the current version of HEVC eatal vary the bitrate distributed over
frames 18 by use of defining decoder buffer readetimes for sub-picture areas
individually, encoder 10 needs to transmit or seatisuch information via network 14 to
decoder 12 at the beginning of each access uéatiolg all data relating to current frame
18, thereby urging encoder 10 to choose amongusiequtlined two alternatives, one
leading to lower delay but worse rate/distortiome tother leading to optimum
rate/distortion, however at increased end-to-erayde

Thus, so far there is no video codec enabling tmeeaement of such a low delay that the
encoder would be enabled to start transmitting gtsckelating to portions 18a of the
current frame prior to encoding a remaining porti@&b of the current frame, the decoder
being able to exploit this intermediate transmissal packets relating to preliminary

portions 18a by way of the network 16, which ob#hes decoding buffer retrieval timing

conveyed within the video data stream sent fronodec 12 to decoder 14. Applications
which would, for example, take advantage of such felay exemplarily encompass

industrial applications such as, for example, wpiice or fabrication surveillance for

automation or inspection purposes or the like. lUmbw, there is also no satisfactory
solution for informing the decoding side on the kws’ association to tiles into which a
current frame is structured, and interesting regji@agion of interest) of a current frame so
that intermediate network entities within networlé lhre enabled to gather such
information from the data stream without having deeply inspect the inside of the

packets, i.e. the slices syntax.

Accordingly, it is the object of the present inventto provide a video data stream coding
concept which is more efficient in allowing for loand-to-end delay and/or renders the
identification of portions of the data stream toegion of interest or to certain tiles more
easy.
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This object is achieved by the subject matter efeéhclosed independent claims.

One idea on which the present application is basedhat decoder retrieval timing
information, ROI information and tile identificahoinformation should be conveyed
within a video data stream at a level which alldarsan easy access by network entities
such as MANEs or decoders and that, in order tohresach a level, information of such
types should be conveyed within a video data stregrway of packets interspersed into
packets of access units of a video data streamactordance with an embodiment, the
interspersed packets are of a removable packet itgpehe removal of these interspersed
packets maintains the decoder’s ability to compfetecover the video content conveyed
via the video data stream.

In accordance with an aspect of the present apiicahe achievement of low end-to-end
delay is rendered more effective by using the sptersed packets in order to convey
information on decoder buffer retrieval times foecdding units formed by payload

packets which follow the respective timing contpalkcket in the video data stream within
the current access unit. By this measure, the emdscenabled to determine the decoder
buffer retrieval times on the fly during encoding@arent frame, thereby being able to,
while encoding a current frame, continuously deteerthe bitrate actually spent for the

portion of the current frame having already beewoded into payload packets and
transmitted, or sent out, prefixed with timing aohtpackets, on the one hand, and
accordingly adapt the distribution of the remainbigate available for the current frame

over the remaining portion of the current frame get having been encoded. By this
measure, the bitrate available is effectively eitptb and the delay is nevertheless kept
shorter as the encoder does not need to wait tghfiencoding the current frame

completely.

In accordance with a further aspect of the preapptication, packets interspersed into a
payload packet of an access unit are exploitedotovey information on a region of
interest, thereby enabling as outlined above ap aesess of this information by network
entities as they do not have to inspect the intdiate payload packets. Further, the
encoder is still free to determine the packets rgltg to the ROI during encoding a
current frame on the fly without having to deterenthe current frame’s subdivision into
sub-portions and respective payload packets inramvavioreover, in accordance with the
embodiment according to which the interspersed gtaclire of a removable packet type,
the ROI information may be disregarded by recigeaot the video data stream not
interested in the ROI information, or not able togess same.
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Similar thoughts are exploited in the present aapion in accordance with another aspect

according to which the interspersed packets conmé&ymation on which tile certain
packets within an access unit belong to.

Advantageous implementations of the present ingandire the subject of the dependent
claims. Preferred embodiments of the present aqipic are described in more detail
below with respect to the figures, among which:

Figs. 1 to 10b show a current status of the HEV@ Wig. 1 showing a buffering period

Fig. 11

Fig. 12

Fig. 13

Fig. 14

Fig. 15

SEI message syntax, Fig. 2 showing a picture tin8&gd message syntax,
Fig. 3 showing a VUI parameter syntax, Fig. 4 shmgvéin HRD parameter
syntax, Fig. 5 showing filler data RBSP syntax,. Fghowing a structure
of byte streams and NAL unit streams for HRD comfance checks, Fig. 7
showing an HRD buffer model, Fig. 8 showing a sheader syntax, Fig. 9
showing a picture parameter set RBSP syntax, Big.showing a schematic
illustrating a spatially neighboring code tree ldldcpossibly used to invoke
the coding tree block availability derivation preserelative to the current
coding tree block and Fig. 10b showing a definitma structure of an
access unit;

schematically shows a pair of encoder awbder connected via a network
for illustrating problems occurring in video dateesam transmission;

shows a schematic block diagram of an esrcad accordance with an
embodiment using timing control packets;

shows a flow diagram illustrating a modepération of the encoder of Fig.
12 in accordance with an embodiment;

shows a block diagram of an embodiment déeoder so as to explain its
functionality in connection with a video data streagenerated by an
encoder according to Fig. 12;

shows a schematic block diagram illustgan encoder, network entity and
video data stream in accordance with a further efimbent using ROI
packets;
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shows a schematic block diagram illustgan encoder, network entity and
video data stream in accordance with a further elmbent using tile
identification packets;

shows a structure of an access unit aqogitdi an embodiment. The dashed
line reflects the case of a non-mandatory slicépMAL unit;

shows the use of tiles in region of inteségnaling;

shows the first simple syntax/version 1;

shows the extended syntax/version 2 inolyidile_id signaling, decoding

unit start identifier, slice prefix ID and slicedder data apart from the SEI
message concept;

shows NAL unit type code and NAL unit tygasses;

shows a possible syntax for a slice headbgre certain syntax elements
present in the slice header according to the currersion are shifted to a

lower hierarchy syntax element, referred to aesheader_data();

shows a table where all syntax elementvexh from the slice header are
signaled through the syntax element slice header da

shows a supplemental enhancement informatigssage syntax;

shows an adapted SEI payload syntax ieroial introduce new slice or
sub-picture SEI message types;

shows an example for a sub-picture bufe8&l message;

shows an example for a sub-picture timigadji8essage;

shows how the sub-picture slice info SEtsagle may look like;

shows an example for a sub-picture tile BEI message;

shows a syntax example for a sub-pictleedimension info SEI message;
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Fig. 31 shows a first variant of a syntax example & region of interest SEI
message where each ROI is signaled in an individEhimessage;

Fig. 32 shows a second variant of a syntax exarfgle region of interest SEI
message where all ROls are signaled in a singler&skage;

Fig. 33 shows a possible syntax for a timing cdnpacket in accordance with a
further embodiment;

Fig. 34 shows a possible syntax for a tile idecwifion packet in accordance with an
embodiment;

Figs. 35 to 38 show possible subdivisions of a upectin accordance with different
subdivision settings in accordance with an embodtmend

Fig. 39 shows an example of a portion out of @&e@idata stream in accordance with
an embodiment using timing control packets beingrgpersed between the
payload packets of an access unit.

With regard to Fig. 12, an encoder 10 in accordamitie an embodiment of the present
application and its mode of operation is descriddwe encoder 10 is configured to encode
video content 16 into a video data stream 22. Tweder is configured to do this in units
of sub-portions of the frames/pictures 18 of thdew content 16, wherein the sub-portions
may, for example, be slices 24 into which the petul8 are partitioned, or some other
spatial segments such as, for example, tiles 28/BP substreams 28, all of which are
illustrated in Fig. 12 merely for the sake of ilitzive purposes rather than suggesting that
encoder 10 needs to be able to support tile or Wr&llel processing, for example, or that
the sub-portions need to be slices.

In encoding the video content 16 in units of thb-portions 24, the encoder 10 may obey
a decoding order — or coding order - defined amtrey sub-portions 24, which for
example traverses pictures 18 of video 16 in a@wrd with a picture decoding order
which, for example, does not necessarily coincidé the reproduction order 20 defined
among pictures 18, and traverses within each @ciérblocks into which pictures 18 are
partitioned, in accordance with a raster scan ongdéh the sub-portions 24 representing
continuous runs of such blocks along the decodmdgro In particular, encoder 10 may be
configured to obey this decoding order in determgnihe availability of spatially and/or
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temporally neighboring portions of portions curtgnto be encoded in order to use
attributes describing such neighboring portiongriedictive coding and/or entropy coding
such as, for example, to determine a prediction/andn entropy context: Merely
previously visited (coded/decoded) portions of #aeo are available. Otherwise, just-
mentioned attributes are set to default value®oresother substitute measures are taken.

On the other hand, encoder 10 does not need tallgegncode sub-portions 24 along the
decoding order. Rather, encoder 10 may use paplbelessing to speed-up the encoding
process, or to be able to perform a more complewrding in real time. Likewise, encoder

10 may or may not be configured to transmit or semdthe data encoding the sub-

portions along the decoding order. For exampleo@ec 10 may output/transmit the

encoded data at some other order such as, for égampaccordance with the order at

which the encoding of the sub-portions is finalizgdencoder 10 which may, due to the
parallel processing, for example, deviate fromdéeoding order just-mentioned.

In order to render the encoded versions of subgrmt24 suitable for transmission over a
network, encoder 10 encodes each sub-portion 24oné or more payload packets of a
sequences of packets of video data stream 22.sk a@fathe sub-portions 24 being slices,
encoder 10 may, for example, be configured to puheslice data, i.e. each encoded slice,
into one payload packet, such as an NAL unit. Plaisketization may serve to render the
video data stream 22 appropriate for transmissiara\network. Accordingly, packets may

represent the smallest units at which the videa d#team 22 may take place, i.e. the
smallest units which may be individually sent-oyt dncoder 10 for transmission via a

network to a recipient.

Besides payload packets and the timing control gacknterspersed therebetween and
discussed hereinafter, other packets, i.e. packetther type may exist as well, such as fill
data packets, picture or sequence parameter séetpator conveying infrequently
changing syntax elements or EOF (end of file) orEA{@&ccess unit end) packets or the
like.

The encoder performs the encoding into the payjmackets such that the sequence of
packets is divided into a sequence of access @0itand each access unit collects the
payload packets 32 relating to one picture 18 efiideo content 16. That is, the sequence
34 of packets forming video data stream 22 is sutdeld into non-overlapping portions,
called access units 30, each being associatedawitispective one of the pictures 18. The
sequence of access units 30 may follow the decoalidgr of the pictures 18 which the
access units 30 relate to. Fig. 12 illustratesgf@mple, that the access unit 30 arranged at
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the mid of the portion of data stream 22, illustthtcomprises one payload packet 32 per
sub-portion 24 into which picture 18 is subdivid&tat is, each payload packet 32 carries
a corresponding sub-portion 24. The encoder 1Ooidigured to intersperse into the
sequence 34 of packets timing control packets 36hab the timing control packets
subdivide the access units 30 into decoding urdts@®that at least some access units 30,
such as the middle one shown in Fig. 12, are sudetivinto two or more decoding units
38, each timing control packet signaling a decdmléfer retrieval time for a decoding unit
38, the payload packets 32 of which follow the es$ye timing control packet in the
sequence 34 of packets. In other words, encoderdfixes subsequences of the sequence
of payload packets 32 within one access unit 30 witespective timing control packet 36
signaling for the respective subsequence of payjmackets prefixed by the respective
timing control packet 36 and forming a decodingt (88, a decoder buffer retrieval time.
Fig. 12, for example, illustrates the case wherregecond packet 32 represents the first
payload packet of a decoding unit 38 of access 3@itAs illustrated in Fig. 12, the
amount of data or bitrate spent for each decodmg 328 varies and the decoder buffer
retrieval times may correlate with this bitrateisdon among the decoding units 38 in that
the decoder buffer retrieval time of a decodingt .88 may follow the decoder buffer
retrieval time signaled by the timing control packd® of the immediately preceding
decoding unit 38 plus a time interval corresponding the bitrate spent for this
immediately preceding decoding unit 38.

That is, the encoder 10 may operate as shown inlBigin particular, as mentioned above
encoder 10 may, in a step 40, subject a currenpsuinn 24 of a current picture 18 to an
encoding. As already mentioned, encoder 10 mayesdiglly cycle through the sub-
portions 24 in the aforementioned decoding ordelustrated by arrow 42, or encoder 10
may use some parallel processing such as WPP atitfoprocessing in order to
concurrently encode several “current sub-portio4: Irrespective of using parallel
processing or not, encoder 10 forms a decoding auiitof one or several of the sub-
portions just encoded in step 40 and proceeds st@h 44, where the encoder 10 sets a
decoder buffer retrieval time for this decoding tuand transmits this decoding unit
prefixed with a time control packet signaling thistjset decoder buffer retrieval time for
this decoding unit. For example, the encoder 10 degrmine the decoder buffer retrieval
time in step 44 on the basis of the bitrate spenehcoding the sub-portions having been
encoded into the payload packets forming the cudeooding unit including, for example,
all further intermediate packets within this decadiunit, if any, i.e. the “prefixed
packets”.
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Then, in step 46, the encoder 10 may adapt thdadlaibitrate on the basis of the bitrate
having been spent for the decoding unit just haviegn transmitted in step 44. If, for
example, the picture content within the decoding jst-transmitted in step 44 was quite
complex in terms of compression rate, then enct@enay reduce the available bitrate for
the next decoding unit so as to obey some extgrreddt target bitrate having been
determined, for example, on the basis of a cutbandwidth situation faced in connection
with the network transmitting the video data strezin Steps 40 to 46 are then repeated.
By this measure, pictures 18 are encoded and tittedm.e. sent out, in units of decoding
units, each being prefixed by a corresponding tin@ontrol packet.

In other words, the encoder 10, during encodingraeat picture 18 of the video content
16, encodes 40 a current sub-portion 24 of theeotimpicture 18 into a current payload
packet 32 of a current decoding unit 38, transddtswithin the data stream, the current
decoding unit 38 prefixed with a current timing toh packet 36 with setting a decoder
buffer retrieval time signaled by the current tigninontrol packet (36), at a first time
instant, and encodes 44, by looping back from 4&fo 40, a further sub-portion 24 of the
current picture 18 at a second time instant — s#¢iome visiting step 40 -, later than the
first time instant — first time visiting step 44.

As the encoder is able to send-out a decodingpuiat to the encoding of a remainder of
the current picture to which this decoding unitdmgjs, encoder 10 is able to lower the
end-to-end delay. On the other hand, encoder 18 doeneed to waste available bitrate,
as the encoder 10 is able to react to the spewatigre of the content of the current picture
and its spatial distribution of complexity.

On the other hand, intermediate network entitiesponsible for transmitting the video
data stream 22 further from the encoder to the dlac@re able to use the timing control
packets 36 so as to guarantee that any decodevirngcthe video data stream 22 receives
the decoding units in time so as to be able to gavantage of the decoding unit-wise
encoding and transmission by encoder 10. See xfmample, Fig. 14 showing an example
for a decoder for decoding the video data streamD22oder 12 receives the video data
stream 22 at a coded picture buffer CPB 48 by wlag network via which encoder 10
transmitted the video data stream 22 to decodeinlzarticular, as network 14 is assumed
to be able to support the low delay applicatiortioek 10 inspects the decoder buffer
retrieval times so as to forward the sequence 3gaokets of video data stream 22 to the
coded picture buffer 48 of decoder 12 so that edetoding unit is present within the
coded picture buffer 48 prior to the decoder bufgrieval time signaled by the timing
control packet prefixing the respective decoding. By this measure, the decoder is able
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to, without stalling, i.e. without running out ofailable payload packets within coded
picture buffer 48, use the decoder buffer retrigiaks in the timing control packets so as
to empty the decoder’'s coded picture buffer 48nitsuof the decoding units rather than
complete access units. Fig. 14, for example, shiowslustrative purposes, a processing
unit 50 as being connected to an output of codetur@ buffer 48, the input of which
receives the video data stream 22. Similar to esicdd, decoder 12 may be able to
perform parallel processing such as, for exampdegutile parallel processing/decoding
and/or WPP parallel processing/decoding.

As will be outlined in more detail below, the deeodbuffer retrieval times mentioned so
far do not necessarily pertain to retrieval timesaerning the coded picture buffer 48 of
decoder 12. Rather, the timing control packets agditionally, or alternatively, steer the
retrieval of already decoded picture data of aesponding decoded picture buffer of a
decoder 12. Fig. 14 shows, for example, decodersl@mprising a decoder picture buffer
in which the decoded version of the video contastpbtained by processing unit 50 by
decoding video data stream 22, is buffered, i.etest and output, in units of decoded
versions of decoding units. Decoder’s decoded pmachuffer 22 thus may be connected
between decoder’s 12 output and the output of goeg unit 50. By having the ability to
set the retrieval times for outputting decoded io&is of decoding units from decoded
picture buffer 52, the encoder 10 is given the opputy to, on the fly, i.e. during
encoding a current picture, control the reproductior end-to-end, delay of the
reproduction of the video content at decoding sden at a granularity smaller than the
picture rate or frame rate. Obviously, over-segingneéach picture 18 into a huge amount
of sub-portions 24 at the encoding side would riegigt affect the bitrate for transmitting
the video data stream 22, although on the othed,h#re end-to-end delay may be
minimized since the time needed to encode and mitrend decode and output such a
decoding unit would be minimized. On the other haindreasing the size of the sub-
portions 24 increases the end-to-end delay. Acoghdi a compromise has to be found.
Using the just mentioned decoder buffer retrieirakt so as to steer the output timing of
decoded versions of sub-portions 24 in units obdew units, enables the encoder 10 or
some other unit at the encoding side to adaptdbimspromise spatially over the current
picture’s content. By this measure, it would begiae to control the end-to-end delay in
such a way, that same varies spatially acrosstttrertt pictures content.

In implementing the above outlined embodimentsisipossible to use, as the timing
control packets, packets of a removable packet. tiPpekets of a removable packet type
are not necessary in order to recover the videdeobrat the decoding side. In the
following, such packets are called SEI packetsthifeurpackets of a removable packet type
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may exist as well, that is, removable packets aftlzr type such as, if transmitted in-
stream, redundancy packets. As another alterndiae)g control packets may be packets
of a certain removable packet type, additionallyryéag, however, a certain SEI packet
type field. For example, timing control packets nieeySEI packets with each SEI packet
carrying one or several SEI messages, and onlgt8&3 packets which comprise an SEI
message of a certain type form the aforementioin@dg control packets.

Thus, the embodiment described so far with resjoeleigs. 12 to 14 is, in accordance with
a further embodiment, applied onto the HEVC stamhddéinereby forming a possible

concept for rendering HEVC more effective in acimgMower end-to-end delay. In doing

so, the above mentioned packets are formed by N#is and the aforementioned payload
packets are the VCL NAL units of an NAL unit streamth slices forming the above

mentioned sub-portions.

Before such a description of a more detailed embedt, however, further embodiments
are described which coincide with the above oudlieenbodiments in that interspersed
packets are used in order to convey, in an efficreanner, information describing the
video data stream, but the sort of informationedgffrom the above embodiments where
the timing control packets conveyed decoder bufégrieval timing information. In the
embodiments described further below, the kind @rimation transferred via interspersed
packets interspersed into the payload packets belgrio an access unit, relate to region
of interest (ROI) information and/or tile identiditon information. The embodiments
described further below may or may not be combiw#ti the embodiments described
with respect to Figs. 12 to 14.

Fig. 15 shows an encoder 10 which operates sinlathe one explained above with

respect to Fig. 12, except for the interspersingtiofing control packets and the

functionality described above with respect to Hig, which is optional for encoder 10 of
Fig. 15. However, encoder 10 of Fig. 15 is confeglto encode video content 16 into a
video data stream 22 in units of sub-portions 2thefpictures 18 of the video content 16
just as it was explained above with respect to Eig.In encoding the video content 16,
encoder 10 is interested in conveying, along with\tideo data stream 22, information on
a region of interest ROl 60 to the decoding sidee ROI 60 is a spatial subarea of a
current picture 18, which the decoder should, faaneple, pay special attention to. The
spatial position of the ROl 60 may be input to eferol0 from outside, as illustrated by a
dashed line 62, such as by user input, or may tegrdaned automatically by encoder 10 or
by some other entity, on the fly during the encgdaf current picture 18. In either case,
encoder 10 faces the following problem: the indaabf the location of the ROI 60 is in
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principle no problem for encoder 10. To do thig #ncoder 10 may easily indicate the
location of the ROI 60 within the data stream 2Zwsdver, in order to render this
information easily accessible, encoder 10 of Fluges the interspersing of ROI packets
between the payload packets of the access unitsas@ncoder 10 is free to, on an online
basis, choose the segmentation of the currentrpic8 into sub-portions 24 and/or the
number of payload packets into which the sub-postid4 are packetized, spatially outside
and spatially inside the ROI 60. Using the interspd ROI packets, any network entity
may easily identify payload packets which belongh® ROI. On the other hand, in case of
using removable packet type for these ROI packarse may easily be disregarded by any
network entity.

Fig. 15 shows an example for interspersing ROI ptack4 between the payload packets
32 of an access unit 30. The ROI packet 64 indscatkeere within the sequence 34 of
packets of the video data stream 22 encoded datmritained which relates to, i.e.
encodes, the ROl 60. How ROI packet 64 indicates ldtation of ROl 60 may be
implemented in manifold ways. For example, the pexestence/occurrence of an ROI
packet 64 may indicate the incorporation of encattetd relating to the ROI 60 within one
or more of the following payload packets 32, foliowin the sequential order of sequence
34, i.e. belonging to the prefixed payload packatternatively, a syntax element inside
the ROI packet 64 may indicate whether one or nfallewing payload packets 32 pertain
to, i.e. at least partially encode, the ROI 60 at. The high number of variance also stems
from possible variations regarding the “scope” lué respective ROI packet 64, i.e. the
number of prefixed payload packets prefixed by &@l packet 64. For example, the
indication of incorporation or non-incorporationarfy encoded data relating to the ROI 60
within one ROI packet, may relate to all payloadksts 32 following in the sequential
order of sequence 34 up to the occurrence of tReR®I packet 64, or may merely relate
to the immediately following payload packet 32, tlee payload packet 32 immediately
following the respective ROI packet 64 in the sexjiad order of sequence 34. In Fig. 15, a
graph 66 exemplarily illustrates a case where tl@@ Rackets 64 indicate an ROI
relevance, i.e. the incorporation of any encoddd dalating to the ROI 60, or ROI-non-
relevance, i.e. the absence of any encoded datangelto the ROI 60, in relation to all
payload packets 32 occurring downstream of theewsg ROl packet 64 up to the
occurrence of the next ROI packet 64 or the enthefcurrent access unit 30 whatever
occurs earlier along the sequence 34 of packetpafticular, Fig. 15 illustrates the case
where an ROI packet 64 has a syntax element ingidieh indicates whether or not the
payload packets 32 following in the sequential ordk packet sequence 34 have any
encoded data relating to the ROI 60 inside or 8ath an embodiment is also described
hereinafter. However, another possibility is, ast jonentioned, that each ROI packet 64
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indicates merely by its presence in packet sequ&dc¢hat the payload packet(s) 32
belonging to the “scope” of the respective ROI mddd, has ROI 60 relating data inside,
i.e. data relating to ROI 60. In accordance witheambodiment described hereinafter in
more detail, the ROI packet 64 even indicates tizatlon of the portion of the ROI 60
encoded into the payload packet(s) 32 belongints tscope”.

Any network entity 68 receiving the video data atne22 may exploit the indication of

ROI relevance as realized by use of the ROI padkétso as to treat, for example, ROI
relevant portions of the sequence 34 of packets kigher priority than other portions of

the packet sequence 34, for example. Alternativillg, network entity 68 could use the

ROI relevance information so as to perform otheskgarelating to, for example, the

transmission of the video data stream 22. The nétwatity 68 may be, for example, a

MANE or a decoder for decoding and playing-backvlteo content 60 as conveyed via
the video data stream 22. 28. In other words, nétweatity 68 may use a result of the

identification of ROI packets so as to decide a@msmission tasks pertaining the video
data stream. The transmission tasks may comprignmsmission requests concerning
defect packets. The network entity 68 may be conéid to handle the region of interest 70
with increased priority and assign a higher prjotd ROI packets 72 and their associated
payload packets, i.e. the ones prefixed by it, Wihie signaled as overlaying the region of
interest, than compared to ROI packets and thaiocated payload packets, which are
signaled as not overlaying the ROI. Network eriBymay first request a retransmission of
payload packets having the higher priority assigtiedreto, before requesting any
retransmission of payload packets having the Iqerity assigned thereto.

The embodiment of Fig. 15 may easily be combineth wihe embodiment described
previously with respect to Figs. 12 to 14. For eglanthe ROI packets 64 mentioned
above may also be SEI packets having a certain affEl message contained therein,
namely an ROI SEI message. That is, an SEI packgi far example, be a timing control
packet and concurrently an ROI packet, namely &f tbspective SEI packet comprises
both timing control information as well as ROI ipdiion information. Alternatively, an
SEI packet may be one of a timing control packet @m ROI packet, rather than the other
one, or may be neither an ROI packet or a timingrob packet.

In accordance with the embodiment shown in Fig.idi@rspersing of packets between the
payload packets of the access units is used teateliin a manner easily accessible for
network entities 68 handling the video data strefnwhich tile or tiles of the current
picture 18, which the current access unit 30 reldte is overlaid by any sub-portion
encoded into any of the payload packets 32 for wile respective packets serve as a
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prefix. In Fig. 16, for example, current picture i$&hown to be sub-divided into four tiles
70, here exemplarily formed by the four quadrantstre current picture 18. The
subdivision of the current picture 18 into tilesmay, for example, be signaled within the
video data stream in units comprising sequencgsctdires such as, for example, in VPS
or SPS packets also interspersed into the sequighoé packets. As will be described in
more detail below, a tile subdivision of currenttpre 18 may be a regular subdivision of
picture 18 in columns and rows of tiles. The numifezolumns and the number of rows as
well as the width of the columns and the heightha rows of tiles may be varied. In
particular, the width and height of columns/rowstitds may be different for different
rows and different columns, respectively. Fig. Hglinonally shows the example where
the sub-portions 24 are slices of picture 18. Toes 24 subdivide picture 18. As will be
outlined in more detail below, picture’s 18 subdign into slices 24 may be subject to
constraints according to which each slice 24 maéyeeibe completely contained within
one single tile 70, or completely cover two or midless 70. Fig. 16 illustrates a case where
picture 18 is subdivided into five slices 24. Thestf four of these slices 24 in the
aforementioned decoding order cover the first tiles t70, while the fifth slice completely
covers the third and fourth tiles 70. Further, Hi§.illustrates the case where each slice 24
is individually encoded into a respective payloadket 32. Further, Fig. 16 exemplarily
illustrates the case where each payload packets3prefixed by a preceding tile
identification packet 72. Each tile identificatigmacket 72, in turn, indicates for its
immediately succeeding payload packet 32 as totwbiche tiles 70 the sub-portion 24
encoded into this payload packet 32 overlays. Adioglty, while the first two tile
identification packets 72 within access unit 3@tielg to current picture 18 indicate the
first tile, the third and fourth tile identificatiopacket 72 indicate the second tile 70 of
picture 18, and the fifth tile identification patké indicates the third and fourth tiles 70.
With regard to the embodiment of Fig. 16, the sammeations are feasible as described
above with respect to Fig. 15, for example. Thaths “scope” of the tile identification
packets 72 may, for example, merely encompassrgtarhmediately succeeding payload
packet 32 or the immediately succeeding payloadgiac32 up to the occurrence of the
next tile identification packet.

With regard to the tiles, encoder 10 may be coméiguo encode each tile 70 such that,
across tile boundaries, no spatial prediction ocaoratext selection takes place. Encoder 10
may, for example, encode tile 70 in parallel. Likssy any decoder such as network entity
68 may decode the tiles 70 in parallel.

The network entity 68 may be a MANE or a decodesame other device in between
encoder 10 and decoder, and may be configuredetthesnformation conveyed by the tile
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identification packets 72 to decide on certain graission tasks. For example, network
entity 68 may handle a certain tile of the currpidture 18 of video 16 with higher
priority, i.e. may forward the respective payloatiets indicated as relating to such a tile
earlier or using safer FEC protection or the likeother words, the network entity 68 may
use a result of the identification so as to deciddransmission tasks pertaining the video
data stream. The transmission tasks may comprignmsmission requests concerning
packets received in a defect state — i.e. with edicgy any FEC protection of the video
data stream, if any. The network entity may hanftie,example, different tiles 70 with
different priority. To this end, the network entitgay assign a higher priority to tile
identification packets 72 and their payload packets. the ones prefixed thereby,
pertaining to higher priority tiles, than compatedile identification packets 72 and their
payload packets pertaining to lower priority tildetwork entity 68 may, for example, first
request a retransmission of payload packets hawiaghigher priority assigned thereto,
before requesting any retransmission of payloaétgiadaving the lower priority assigned
thereto.

The embodiments described so far may be builttimtoHEVC framework as described in
the introductory portion of the specification oktpresent application as described in the
following.

In particular, SEI messages may be assigned tesstit decoding units in the sub-picture
CPB/HRD case. That is, buffering period and tim8tgl messages may be assigned to the
NAL units containing the slices of a decoding uifiihis can be achieved by a new NAL
unit type which is a non-VCL NAL unit which is all@d to directly precede one or more
slice/VCL NAL units of a decoding unit. This new NAInit may be called slice prefix
NAL unit. Fig. 17 illustrates the structure of aocass unit omitting any tentative NAL
units for end of sequence and stream.

In accordance with Fig. 17, an access unit 30 isitaed as follows: in the sequential
order of packets of the sequence 34 of packetsaticess unit 30 may start with the
occurrence of a special type of packet, namely@ess unit delimiter 80. Then one or
more SEI packets 82 of an SEI packet type relatnthe whole access unit may follow
within the access unit 30. Both packet types 80 &hdre optional. That is, no packet of
this type may occur within an access unit 30. Thha, sequence of decoding units 38
follows. Each decoding unit 38 optionally startshaa slice prefix NAL unit 84, including
therein for example timing control information @r accordance with the embodiment of
Fig. 15 or 16, an ROI information or tile informati or, even more generally, a respective
sub-picture SEI message 86. Then, the actual déitee 88 in respective payload packets or
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VCL NAL units follows as indicated in 88. Thus, @adecoding unit 38 comprises a
sequence of a slice prefix NAL unit 84 followed tespective slice data NAL unit(s) 88.
The bypass arrow 90 in Fig. 17, bypassing the glieéix NAL unit, shall indicate that in
case of no decoding unit subdivision of the curmetess unit 30 there may be no slice
prefix NAL unit 84.

As already noted above, all information signaledhia slice prefix and associated sub-
picture SEI messages may be either valid for alL\NNAL units in the access unit or until
the occurrence of a second prefix NAL unit or foe tfollowing VCL-NAL unit in
decoding order, depending on a flag given in tiee grefix NAL unit.

The slice VCL NAL unit for which the informationggialed in the slice prefix is valid are
referred to as prefixed slices in the followingefted slices associated with the a single
slice prefixed do not necessarily constitute a detepdecoding unit but can be a part of it.
However, a single slice prefix cannot be valid founltiple decoding units (sub-pictures)
and the start of a decoding unit is signaled insiiee prefix. If means for signaling are not
given through the slice prefix syntax (as in thienfde syntax”/version 1 indicated below)
the occurrence of a slice prefix NAL unit signdie tstart of a decoding unit. Only certain
SEI messages (identified via payloadType in theasymlescription below) can be sent
exclusively on sub-picture level within the sliceefix NAL unit, while some SEI
messages can be sent either in the slice prefix NAit.on sub-picture level or as a regular
SEI message on access unit level.

As discussed above with respect to Fig. 16, additlp or alternatively, a tile ID SEI
messageltile ID signaling may be realized in highel syntax. In earlier designs of a
HEVC, the slice header/the slice data containedantifier for the tile contained in the
respective slice. For example, the slice data seosaread:

tile_idx_minus_1 specifies the TilelD in raster scan order. Thetftile in the picture
shall have a TilelID of 0. The value of tile_idx mag_1 shall be in the range of O to
( num_tile_columns_minusl + 1) * ( num_tile_rowsnosl + 1) — 1.

This parameter however is not considered usefualesihis ID can be easily derived from
the slice address and the slice dimensions as lsijna the picture parameter set, if
tiles_or_entropy_coding_sync_idc is equal to 1.

Although the tile ID can be derived implicitly ilné decoding process, the knowledge of
this parameter on the application layer is alsoartgnt for different use cases such as, for
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example, in a video conferencing scenario whererdift tiles may have different priority
for the playback (those tiles typically form thegien of interest which contain the speaker
in a conversational use case) may have higherityrittran other tiles. In case of losing
network packets in the transmission of multiplegjlthose network packets containing
tiles representing the region of interest may be@ansmitted with higher priority in order to
keep the quality of the experience at the recebeeminal higher than in the case
retransmitting tiles without any priority order. dimer use case may be to assign tiles, if
the dimensions and their position are known, tded#nt screens, e.g. in a video
conferencing scenario.

In order to allow such an application layer to Hantlles with a certain priority in
transmission scenarios, the tile_id may be provided sub-picture or slice-specific SEI
message or in a special NAL unit in front of onenmore NAL units of the tile or in a
special header section of the NAL unit belonginghimtile.

As described above with respect to Fig. 15, regibmterest SEI messages may also be
additionally or alternatively provided. Such an S&#ssage could allow the signaling of
the region of interest (ROI), in particular thersafing of an ROI that a certain tile_id/tile
belongs to. The message could allow to give regibmterest IDs plus a priority of a
region of interest.

Fig. 18 illustrates the use of tiles in regionmtkrest signaling.

In addition to what has been described above, Bkegler signaling could be implemented.
The slice prefix NAL unit may also contain the slibeader for the following dependent
slices, i.e. the slices prefixed by the respecsiiee prefix. If the slice header is only

provisioned in the slice prefix NAL unit, the aclisdice type needs to be derived by the
NAL unit type of the NAL unit containing the resp®e dependent slice or by means of a
flag in the slice prefix signaling whether the @olling slice data belongs to a slice type
that serves as a random access point.

Furthermore, the slice prefix NAL unit may carryicsl or sub-picture specific SEI
messages to convey non-mandatory information swclsud-picture timing or a tile
identifier. Non-mandatory sub-picture specific naggeg is not supported in the HEVC
specification described in the introductory portioh the specification of the present
application, but is crucial for certain applicaton
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In the following, possible syntax for implementitige above-outlined concept of slice
prefixing is described. In particular, it is debed which changes could suffice on a slice
level when using the HEVC status as outlined in th&oductory portion of the
specification of the present application as a basis

In particular, in the following, two versions ofpassible slice prefix syntax are presented,
one with a functionality of SEI messaging only, ame with the extended functionality of
signaling a portion of the slice header for thelofeing slices. The first simple
syntax/version 1 is shown in Fig. 19.

As a preliminary note, Fig. 19 thus shows a possitiplementation for implementing any
of the embodiments described above with respedtigs. 11 to 16. The interspersed
packets shown therein may be construed as showigirl9 and in the following this is
described in more detail with specific implemeraatexamples.

The extended syntax/version 2 including tile_idnsigng, decoding unit start identifier,
slice prefix ID and slice header data apart from 8El message concept is given in the
table of Fig. 20.

The semantics could be defined as follows:

rap_flag with a value of 1 indicates that the access uaittaining the slice prefix is a
RAP picture. rap_flag with a value of O indicathattthe access unit containing the slice
prefix is not a RAP picture.

decoding_unit_start_flag indicates the start of a decoding unit within #teess unit, thus
that the following slices up to the end of the ascenit or the start of another decoding
unit belong to the same decoding unit.

single dlice flag with a value of 0 indicates that the informationyded within the prefix
slice NAL unit and the associated sub-picture SE$sages is valid for all following VCL-
NAL units until the start of the next access uttie occurrence of another slice prefix or
another complete slice header. single_slice flagh va value 1 indicates that all
information provided in the slice prefix NAL unihd associated sub-picture SEI messages
is valid only for the next VCL-NAL unit in decodirmyder.

tile_idc indicates the amount of tiles to be present infdllewing slice. tile_idc equal to 0
indicates that no tiles are used in the followitiges tile_idc equal to 1 indicates that a
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single tile is used in the following slice and tike identifier is signaled accordingly.
tile_idc with a value of 2 indicates that multiglees are used within the following slice
and number of tiles and the first tile identifiee &ignaled accordingly.

prefix_slice header_data present_flag indicates that data of the slice header,
corresponding to the slices following in decodimgler is signaled in the given slice
prefix.

dice header_data() is defined later in the text. It contains the velet slice header
information, which is not covered by the slice heradf dependent_dlice flag is set equal
to 1.

Note that the decoupling of slice header and addlie¢ data allows for more flexible
transmission schemes of header and slice data.

num_tiles in_prefixed_slices minusl indicates the number of tiles used in the follayvin
decoding unit minus 1.

first_tile id_in_prefixed_dlicesindicates the tile identifier of the first tile the following
decoding unit.

For the simple syntax/version 1 of the slice prefine following syntax elements may be
set to default values as follows, if not present:

- decoding_unit_start equal to 1, i.e. the slice prefix always indicatesstart of a
decoding unit.

- single dlice flag equal to 0, i.e. the slice prefix is valid for alices in the decoding
unit.

The slice prefix NAL unit is proposed to have a NAhit type of 24 and the NAL unit
type overview table to be extended according to Zlg

That is, briefly summarizing Figs. 19 to 21, thetsy details shown therein reveal that a
certain packet type may be attributed to the alideatified interspersed packets, here
exemplarily NAL unit type 24. Moreover, especidihe syntax example of Fig. 20 makes
it clear that the above described alternatives rigg the “scope” of the interspersed
packets, a switching mechanism controlled by aee®ge syntax element within these
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interspersed packets themselves, here exemplandjesslice_flag, may be used in order
to control this scope, i.e. to switch between défe alternatives for the definition of this
scope, respectively. Moreover, it has been madar ctbat the above described
embodiments of Figs. 1 to 16 may be extended in i interspersed packets also
comprise common slice header data for slices 2#agwed in the packets belonging to the
“scope” of the respective interspersed packets.t Thathere may be a mechanism
controlled by a respective flag within these inpersed packets, which indicates whether
common slice header data is contained within tepaetive interspersed packet or not.

Of course, the concept just presented accordinghich part of the slice header data is
shifted into the slice header prefix, requires geanto the slice headers as specified in the
HEVC's current version. The table in Fig. 22 shaavpossible syntax for such a slice
header, where certain syntax elements presenkislite header according to the current
version, are shifted to a lower hierarchy syntaaeint, referred to as slice_header_data().
This syntax of the slice header and the slice heddéa only applies to the option
according to which the extended slice header pig¢fik unit concept is used.

In Fig. 22, slice_header_data_present_flag indictttat slice header data for the present
slice shall be predicted from the values signatethe last slice prefix NAL unit in the
access unit, i.e. the most recently occurring giedix NAL unit.

All syntax elements removed from the slice headersggnaled through the syntax element
slice header data as given in the table of Fig. 23.

That is, transferring the concept of Fig. 22 argl BB onto the embodiments of Figs. 12 to
16, the interspersed packets described therein beayextended by the concept of
incorporating into these interspersed packets riagbdhe slice header syntax of the slices
(sub-portions) 24 encoded into the payload packetsyCL NAL units. The incorporation
may be optional. That is, a respective syntax ehnie the interspersed packet may
indicate whether such slice header syntax is coethin the respective interspersed packet
or not. If incorporated, the respective slice headi#a incorporated into a respective
interspersed packet may apply to all slices corthin the packet belonging to the “scope”
of the respective interspersed packet. Whetherstloe header data contained in an
interspersed packet is adopted by a slice encodedny of the payload packets belonging
to the scope of this interspersed packet, may ¢peakdd by a respective flag, such as
slice_header_data present_flag of Fig. 22. Byriaessure, the slice headers of the slices
encoded into the packets belonging to the “scopel i@spective interspersed packet may
be downsized accordingly using the just mentionag in the slices slice header and any
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decoder receiving the video data stream, sucheasdtwork entities shown in the above
Figs. 12 to 16, would be responsive to the justtioead flag in the slices slice header so
as to copy the slice header data incorporated antonterspersed packet into the slice
header of a slice encoded into a payload packenb#lg to the scope of this interspersed
packet in case of the respective flag within thiaessignaling the displacement of the slice
header data to the slice prefix, i.e. the respedtiterspersed packet.

Proceeding further with the syntax example for ienpénting the embodiments of Figs. 12
to 16, the SEI message syntax may be as showrgir2&i In order to introduce slice or
sub-picture SEI message types, the SEI payloagsynay be adapted as presented in the
table of Fig. 25. Only the SEI message with paylgge in the range of 180 to 184 may
be sent exclusively on sub-picture level within #iee prefix NAL unit. Additionally, the
region of interest SEI messages with payloadTypeletp 140 can be sent either in the
slice prefix NAL unit on sub-picture level, or thegular SEI message on access unit level.

That is, in transferring the details shown in Fi@s and 24 onto the embodiments
described above with respect to Figs. 12 to 16,interspersed packets shown in these
embodiments of Figs. 12 to 16 may be realized bgguslice prefix NAL units with a
certain NAL unit type, e.g. 24, comprising a certéype of SEI message signaled by
payloadType at the beginning of each SEI messagenahe slice prefix NAL unit, for
example. In the specific syntax embodiment desdrihew, payloadType = 180 and
payloadType = 181 results in a timing control packeaccordance with the embodiments
of Figs. 11 to 14, while payloadType = 140 resuitan ROI packet in accordance with the
embodiment of Fig. 15, and payloadType = 182 resilta tile identification packet in
accordance with the embodiment of Fig. 16. Theifipexyntax example described herein
below may comprise merely one or a subset of teerjuentioned payloadType options.
Beyond this, Fig. 25 reveals that any of the aliegcribed embodiments of Figs. 11 to 16
may be combined with each other. Even further, Bly.reveals that any of the above
embodiments of Figs. 12 to 16, or any combinatlmerdof, may be extended by a further
interspersed packet, subsequently explained witopdType = 184. As already described
above, an extension described below with respegiatdoadType = 183 ends-up in the
possibility that any interspersed packets may hagerporated thereinto common slice
header data for slice headers of slices encodedaimy payload packet belonging to its
scope.

The tables in the following figures define SEI naggss which may be used on slice or
sub-picture level. A region of interest SEI messiagso presented which may be used on
sub-picture and access unit level.
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Fig. 26, for example, shows an example for a sehipe buffering SEI message occurring
whenever a slice prefix NAL unit of NAL unit type4zhas an SEI message type 180
contained therein, thus forming a timing contratlget.

The semantics could be defined as follows:

seq_parameter_set_id specifies the sequence parameter set that contansequence
HRD attributes. The value of seq_parameter_sethall e equal to the value of
seq_parameter_set_id in the picture parameteetaenced by the primary coded picture
associated with the buffering period SEI message.vialue of seq_parameter_set_id shall
be in the range of 0 to 31, inclusive.

initial_cpb_removal_delay[ SchedSelldx ] and
initial_alt_cpb_removal_delay[ SchedSelldx ] specify the initial CPB removal ale for
the SchedSelldx-th CPB of the decoding unit (tHeiature). The syntax elements have a
length in bits given by initial_cpb_removal_delagngth_minusl + 1, and are in units of a
90 kHz clock. The values of the syntax elementdl st@ be equal to O and shall not
exceed 90000 * ( CpbSize[ SchedSellagxBitRate[ SchedSelldx ] ), the time-equivalent
of the CPB size in 90 kHz clock units.

Over the entire coded video sequence, the sum of
initial_cpb_removal_delay[ SchedSelldx ] and initgpb_removal_delay_offset[
SchedSelldx ] per decoding unit (sub-picture) shadl constant for each value of
SchedSelldx, and the sum of initial_alt cpb_remodelay[ SchedSelldx] and
initial_alt_cpb_removal_delay_offset] SchedSelldshjall be constant for each value of
SchedSelldx.

Fig. 27 shows likewise an example for a sub-pictimeéng SEI message, wherein the
semantics could be described as follows:

du_cpb_removal_delay specifies how many clock ticks to wait after remlofrom the
CPB of the decoding unit (sub-picture) associatath ihe most recent sub-picture
buffering period SEI message in a preceding aceeisn the same decoding unit (sub-
picture), if present, otherwise associated with thest recent buffering period SEI
message in a preceding access unit, before remdrong the buffer the decoding unit
(sub-picture) data associated with the sub-pictuméng SEI message. This value is also
used to calculate an earliest possible time o¥alrof decoding unit (sub-picture) data into
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the CPB for the HSS (Hypothetical Stream Sched@l€). The syntax element is a fixed
length code whose length in bits is given by cpimaeal delay length_minusl + 1. The
cpb_removal_delay is the remainder of a mod{fiy-gemoval_delay_length_minusl 4y nter,

du_dpb_output_delay is used to compute the DPB output time of the dexgpunit (sub-
picture). It specifies how many clock ticks to wafter removal of the decoded decoding
unit (sub-picture) from the CPB before the decoding (sub-picture) of picture is output
from the DPB.

Note that this allows for sub-picture updates.uolsa scenario, the non-updated decoding
units may remain unchanged of the last decodedngicte. they remain visible.

Summarizing Figs. 26 and 27 and transferring thexifip details contained therein onto
the embodiment of Figs. 12 to 14, it may be sa&d the decoder buffer retrieval time for a
decoding unit may be signaled in the associatethgiroontrol packet in a differentially

coded manner, namely incrementally relative to laeotlecoding buffer retrieval time.

That is, in order to obtain the decoder bufferiegtal time for a certain decoding unit, a
decoder receiving the video data stream adds tbedee retrieval time obtained from the
timing control packet prefixing the certain decagdumit, to the decoder retrieval time of
the immediately preceding decoding unit, i.e. the preceding the certain decoding unit,
and proceeding in this manner with the followingalding units. At the beginnings of

coded video sequences of several pictures eaclarts fhereof, a timing control packet
may additionally or alternatively comprise a decobaffer retrieval time value coded

absolutely rather than differentially relative tayapreceding decoding unit’'s decoder
buffer retrieval time.

Fig. 28 shows how the sub-picture slice info SEksage may look like. The semantics
could be defined as follows:

dice header _data flag with a value of 1 indicates that slice header dafaresent in the
SEI message. The slice header data provided iSH#ies valid for all slices following in
decoding order until the end of the access undé,dtcurrence of slice data in another SEI
message, slice NAL unit or slice prefix NAL unit.

Fig. 29 shows an example for a sub-picture til® IBEI message, wherein the semantics
could be defined as follows:
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tile_priority indicates the priority of all tiles in the prefkeslices following in decoding
order. The value of tile_priority shall be in thange of O to 7 inclusively, where 7
indicates the highest priority.

multiple_tiles in_prefixed dlices flag with a value of 1 indicates that there are more
thanl tiles in the prefixed slices to follow in cdding order.
multiple_tiles_in_prefixed_slices_flag with a valud O indicates that the following
prefixed slices contain only one tile.

num_tiles in_prefixed_slices minusl indicates the number of tiles in the prefixedesic
following in decoding order.

first_tile id_in_prefixed_dlices indicates the tile_id of the first tile in the pred slices
following in decoding order.

That is, the embodiment of Fig. 16 could be impleted using the syntax of Fig. 29 for
realizing the tile identification packets mentioniedrig. 16. As shown therein, a certain
flag, here multiple_tiles_in_prefixed_slices_flamay be used to signal within the
interspersed tile identification packet whether eherone tile or more than one tile is
covered by any sub-portion of the current pictuBehcoded into any of the payload
packets belonging to the scope of the respectitgrspersed tile identification packet. If
the flag signals the overlaying of more than oies & further syntax element is contained
in the respective interspersed packet, here exeitypla
num_tiles_in_prefixed_slices_minusl indicating thenber of tiles overlaid by any sub-
portion of any payload packet belonging to the scop the respective interspersed tile
identification packet. Finally, a further syntax emlent, here exemplarily
first_tile_id_in_prefixed_slices, indicates the b the tile among the number of tiles
indicated by the current interspersed tile idecdifion packet, which is the first in
accordance with the decoding order. Transferring #yntax of Fig. 29 onto the
embodiment of Fig. 16, the tile identification patk'2 prefixing the fifth payload packet
32 could, for example, have all three just-discdsssyntax elements with
multiple_tiles_in_prefixed_slices_flag being set to 1,
num_tiles_in_prefixed_slices_minusl being set tothkreby indicating that two tiles
belong to the current scope, and first_tile_id_nefiged_slices being set to 3, indicating
that the run of tiles in decoding order belongirg the scope of the current tile
identification packet 72 starts at the third tib@ying tile_id = 2).
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Fig. 29 also reveals that a tile identification ketc72 may possibly also indicate a
tile_priority, i.e. a priority of the tiles belongy to its scope. Similar to the ROI aspect, the
network entity 68 may use such priority informatimncontrol transmission tasks such as
the request for retransmissions of certain payjmskets.

Fig. 30 shows a syntax example for a sub-pictleedimension info SEI message, wherein
the semantics could be defined as:

multiple tiles in_prefixed_dlices flag with a value of 1 indicates that there are moaath
1 tiles in the prefixed slices to follow in decodin order.
multiple_tiles_in_prefixed_slices_flag with a valwé 0 indicates that the following
prefixed slices contain only one tile.

num_tiles in_prefixed_slices minusl indicates the number of tiles in the prefixedesic
following in decoding order.

tile_horz_start[ i ] indicates the start in horizontal directiohtbe i-th tile in pixels within
the picture.

tile_width[ i ] indicates the width of the i-th tile in pixels withthe picture.

tile vert_start[ i ] indicates the start in horizontal directiohtbe i-th tile in pixels within
the picture.

tile_height[ i ] indicates the height of the i-th tile in pixels kit the picture.

Note that the tile dimension SEI message may bd tsén display operations, e.g., for
assigning a tile to a screen in multiple screepldisscenario.

Fig. 30 thus reveals that the implementation syeteample of Fig. 29 with regard to the
tile identification packets of Fig. 16 may be vdria that the tiles belonging to the scope
of the respective tile identification packet ardigated by their location within the current
picture 18 rather than their tile ID. That is, &thhan signaling the tile ID of the first tile

in decoding order covered by the respective subigr® encoded into any of the payload
packet belonging to the scope of the respectiverspersed tile identification packet, for
each tile belonging to the current tile identifioatpacket, its position could be signaled by
signaling, for example, the upper left corner positof each tile i, here exemplarily by
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tile_horz_start and tile_vert_start, and the widtid height of tile i, here exemplarily by
tile_width and tile_height.

A syntax example for a region of interest SEI mgesig shown in Fig. 31. To be even
more precise, Fig. 32 shows a first variant. Irtipalar, the region of interest SEI message
may, for example, be used on access unit levelnosub-picture level to signal one or
more regions of interest. In accordance with th& frariant of Fig. 32, an individual ROI
is signaled once per ROI SEI message, rather figaalsg all ROls of the respective ROI
packet’'s scope within one ROI SEI message if migltipOls are within the current scope.

In accordance with Fig. 31, the region of inter&l message signals each ROI
individually. The semantics could be defined afofes:

roi_id indicates the identifier of the region of interest

roi_priority indicates the priority of all tiles that belongsthe region of interest in the
prefixed slices or all slices following in decodingder depending on whether the SEI
message is sent on sub-picture level or accesseweit The value of roi_priority shall be
in the range of 0 to 7 inclusively, where 7 ind&satthe highest priority. If both,
roi_priority in the roi info SEI message and tileigpity in the sub-picture tile info SEI
messages are given, the highest value of botHid fea the priority of the individual tiles.

num_tiles in_roi_minusl indicates the number of tiles in the prefixedesdidollowing in
decoding order that belong to the region of interes

roi_tile id[ i ] indicates the tile_id of the i-th tile thatlongs to the region of interest in
the prefixed slices following in decoding order.

That is, Fig. 31 shows that an ROI packet as shaviaig. 15 could signal therein an ID of
the region of interest which the respective ROIkga@and the payload packet belonging to
its scope refer to. Optionally, an ROI priority exdmay be signaled along with the ROI
ID. However, both syntax elements are optional. nfhea syntax element
num_tiles_in_roi_minusl may indicate the numbetilet in the scope of the respective
ROI packet belonging to the respective ROI 60. Thien tile_id indicates the tile-ID of
the i-th tiles belonging to the ROI 60. Imaginey fexample, picture 18 would be
subdivided into tiles 70 in the way shown in Fi@, and that the ROI 60 of Fig. 15 would
correspond to the left-hand half of picture 18, Wdae formed by the first and third tile in
decoding order. Then, a ROI packet may be placdtbit of the first payload packet 32
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of access unit 30 in Fig. 16, followed by a furtR€I packet between the fourth and fifth
payload packets 32 of this access unit 30. Thea, fifst ROl packet would have

num_tile_in_roi_minusl be set to 0 with roi_tile[Gpbeing O (thereby referring to the
first tile in decoding order), wherein the secon@IRacket in front of the fifth payload

packet 32 would have num_tiles_in_roi_minusl bei@gto O with roi_tile_id[0] being set

to 2 (thereby denoting the third tile in decodimgler at the left-hand bottom quarter of
picture 18).

According to the second variant, the syntax ofgaore of interest SEI message could be as
shown in Fig. 32. Here, all ROIs in a single SElssage are signaled. In particular, the
same syntax as discussed above with respect t@Figould be used, but multiplying the
syntax elements for each of ROIs of a number of R@hich the respective ROl SEI
message or ROI packet refers to, with a numbergbgignaled by a syntax element, here
exemplarily num_rois_minusl. Optionally, a furtheyntax element, here exemplarily
roi_presentation_on_separate_screen, could sigmakdch ROI whether the respective
ROl is suitable for being presented on a sepacaees.

The semantic could be as follows:

num_rois minusl indicates the number of ROIs in the prefixed slice regular slices
following in decoding order.

roi_id[ i ] indicates the identifier of the i-th regiofi ioterest.

roi_priority[ i ] indicates the priority of all tiles that beigs to the i-th region of interest
in the prefixed slices or all slices following ire@bding order depending on whether the
SEI message is sent on sub-picture level or acoestevel. The value of roi_priority shall
be in the range of 0 to 7 inclusively, where 7 tadés the highest priority. If both,
roi_priority in the roi_info SEI message and tileopty in the sub-picture tile info SEI
messages are given, the highest value of botHid fea the priority of the individual tiles.

num_tiles in_roi_minusl| i ] indicates the number of tiles in the prefixdates following
in decoding order that belong to the i-th regiomnbérest.

roi_tile id[ i ][ n ] indicates the tile_id of the n-th tildat belongs to the i-th region of
interest in the prefixed slices following in decagliorder.
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roi_presentation_on_seperate screen [ i ] indicates that the region of interest, asatexl
with the i-th roi_id is suitable for presentatiom @ separate screen.

Thus, briefly summarizing the various embodimergsaiibed so far, an additional high
level syntax signaling strategy has been presentech allows to apply SEI messages as
well as additional high level syntax items beyoné ones included in the NAL unit header
on a per slice level. Therefore, we described tloe prefix NAL unit. The syntax and
semantics of the slice prefix and slice_level/sidiype SEI messages has been described
along with use cases for low delay/sub-picture GRBrations, tile signaling and ROI
signaling. An extended syntax has been presentesigtal part of the slice header of
following slices in the slice prefix additionally.

For the sake of completeness, Fig. 33 shows adugkample for a syntax which could be
used for a timing control packet according to timebediment of Figs. 12 to 14. The
semantics could be:

du_spt_cpb_removal_delay increment specifies the duration, in units of clock sub-ticks
between the nominal CPB times of the last decodimgin decoding order in the current
access unit and the decoding unit associated waghdecoding unit information SEI
message. This value is also used to calculaterdiestgoossible time of arrival of decoding
unit data into the CPB for the HSS, as specifiedAimex C. The syntax element is
represented by a fixed length code whose length hits is given by
du_cpb_removal_delay_increment_length_minusl + AemMthe decoding unit associated
with the decoding unit information SEI messagehis fast decoding unit in the current
access unit, the value of du_spt_cpb_removal_delasement shall be equal to 0.

dpb_output_du_delay present flag equal to 1 specifies the presence of the
pic_spt_dpb_output_du_delay syntax element in tkeeoding unit information SEI
message. dpb_output _du_delay present flag equdl specifies the absence of the
pic_spt_dpb_output_du_delay syntax element in teeoding unit information SEI
message.

pic_spt_dpb_output_du_delay is used to compute the DPB output time of the péctu
when SubPicHrdFlag is equal to 1. It specifies hmany sub clock ticks to wait after
removal of the last decoding unit in an access froin the CPB before the decoded
picture is output from the DPB. When not presenthe t value of

pic_spt_dpb_output_du_delay is inferred to be eqaapic_dpb_output _du_delay. The
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length of the syntax element pic_spt dpb_outputddlay is given in bits by
dpb_output_delay du_length_minusl + 1.

It is a requirement of bitstream conformance thiatdacoding unit information SEI
messages that are associated with the same acteszpply to the same operation point,
and have dpb_output du_delay present_flag equdl shall have the same value of
pic_spt_dpb_output_du_delay. The output time ddrive from the
pic_spt_dpb_output_du_delay of any picture thatoigput from an output timing
conforming decoder shall precede the output timerivee from the
pic_spt_dpb_output_du_delay of all pictures in anlgsequent CVS in decoding order.

The picture output order established by the vabidhis syntax element shall be the same
order as established by the values of PicOrderGntVa

For pictures that are not output by the "bumpingbcpss because they precede, in
decoding order, an IRAP picture with NoRaslOutpagFlequal to 1 that has

no_output_of prior_pics_flag equal to 1 or inferredbe equal to 1, the output times
derived from pic_spt_dpb_output_du_delay shall fi@easing with increasing value of

PicOrderCntVal relative to all pictures within tekeme CVS. For any two pictures in the
CVS, the difference between the output times oftthe pictures when SubPicHrdFlag is
equal to 1 shall be identical to the same diffeeamben SubPicHrdFlag is equal to O.

Further, Fig. 34 shows a further example for signgadn ROI region using ROI packets. In
accordance with Fig. 34, the syntax of an ROI packeprises merely one flag indicating
whether all sub-portions of picture 18 encoded amy payload packet 32 belonging to its
scope belongs to the ROI or not. The “scope” exdemal to the occurrence of the ROI
packet or region_refresh_info SEI message. If ldag i& 1, the region is indicated as being
encoded into a respective subsequent payload gagkand if O the opposite applies, i.e.
the respective sub-portions of picture 18 do néarmeto the ROI 60.

Before discussing some of the above embodimenis agather words with additionally
explaining some terms used above such as tiles ahhd WPP sub-stream sub-divisioning,
it should be noted that the above embodiments’s Hayel signaling may alternatively be
defined in transport specifications such as [3Hi]other words, the packets mentioned
above and forming sequence 34 may be transportegadome of which having the
application layer’s sub-portions such as slicespiporated, such as packetized in full or
fragmented, thereinto, some being intersperseddmetwthe latter in the manner, and with
the aim, discussed above. In other words, abovdiomsd interspersed packets are not
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restricted to be defined as SElI massages of otfpastof NAL units, defined in the
application layer’s video codec, but could alteively be extra transport packet defined in
transport protocols.

In other words, in accordance with one aspect & pinesent specification, above
embodiments revealed a video data stream havirgpwidntent encoded therein in units of
sub-portions (see coding tree blocks or slices)ictures of the video content, each sub-
portion being respectively encoded into one or npardoad packets (see VCL NAL units)
of a sequence of packets (NAL units) of the vidatadstream, the sequence of packets
being divided into a sequence of access units aoelich access unit collects the payload
packets relating to a respective picture of theewidontent, wherein the sequence of
packets has interspersed thereinto timing contackets (slice prefix) so that the timing
control packets subdivide the access units int@odieg units so that at least some access
units are subdivided into two or more decoding synmitith each timing control packet
signaling a decoder buffer retrieval time for aa#ing unit, the payload packets of which
follow the respective timing control packet in $exjuence of packets.

As described above, the domain with respect to kttie video content is encoded into the
data stream in units of sub-portions of pictureaymover the syntax elements relating to
predictive coding such as coding modes (such aa miode, inter mode, sub-division

information and the like), prediction parameteracfs as motion vectors, extrapolation
directions or the like) and/or residual data (sashransform coefficient levels, with these
syntax elements being associated with local pastiohthe picture such as coding tree
blocks, prediction blocks and residual (such assfiam) blocks, respectively.

As described above, the payload packets may eacbngrass one or more slices (in
complete, respectively). The slices may be indepettyl decodable or may show
interrelations which hinder an independent decodiregeof. For example, entropy slices
may be independently entropy decodable, but priedidieyond the slice boundaries may
be prohibited. Dependent slices may allow for WiRet@ssing, i.e. coding/decoding using
entropy and predictive coding beyond the slice blanies with the ability of parallely
coding/decoding the dependent slices in a time lapping manner with, however, a
staggered commence of the coding/decoding procexfuitee individual dependent slices
and the slice/slices referred to by the dependmeiss

The sequential order at which the payload packieds @ccess unit are arranged within the
respective access unit may be known to the decadeadvance. For example, a
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coding/decoding order may be defined among thepsutiens of the pictures such as the
scanning order among the coding tree blocks irabmee examples.

See, for example, the figure below. A currently eddecoded picture 100 may be divided
into tiles which, in Figs. 35 and 36, for exampéxemplarily correspond to the four
quadrants of the picture 110 and are indicated wetbrence signs 112a-112d. That is, the
whole picture 110 may form one tile as in caseigf B7 or may be segmented into more
than one tile. The tile segmentation may be rdstilito regular ones in which the tiles are
arranged in columns and rows only. Different exaa@re presented below.

As can be seen, the picture 110 is further subdd/idto coding (tree) blocks (small boxes
in the figure and called CTB above) 114 among whicwoding order 116 is defined (here,
raster scan order, but may also be different). @ibure’s sub-division into the tiles 112a-
d may be restricted so that tiles are disjoint sétshe blocks 114. Additionally, both
blocks 114 and tiles 112a-d may be restricted tegalar arrangement in columns and
rows.

If tiles (i.e. more than one) are present, then(tlgcoding order 116 raster scans a first
complete tile first with then transitioning - alsoa raster scan tile order — to the next tile
in tile order.

As tiles are en/decodable independent from eachkralhe to the non-crossing of tile
boundaries by spatial predictions and context seles deduced from spatial
neighborhood, encoder 10 and decoder 12 may erdsmae a picture sub-divided into
tiles 112 (formerly indicated by 70), in paralleldependent from each other — except for,
for example, an in-loop or post-filtering which miag allowed to cross tile boundaries.

The picture 110 may further be subdivided intoeslid18a-d, 180 — formerly indicated
using reference sign 24. A slice may contain meeepart of a tile, one complete tile or
more than one tiles in complete. Thus, the divisida slices may also subdivide tiles as in
case of Fig. 35. Each slice comprises at leastomaing block 114 in complete and is
composed of consecutive coding blocks 114 in codindgr 116 so that an order is defined
among the slices 118a-d following which the indicethe figure have been assigned. The
slice division in Figs. 35 to 37 has been chosenilfestration purposes only. The tile
boundaries may signaled in the data stream. Theirpid10 may form a single tile as
depicted in Fig. 37.



10

15

20

25

30

35

49

Encoder 10 and decoder 12 may be configured to dbeyoundaries in that spatial
prediction is not applied across tile boundariEise context adaptation, i.e. probability
adaptations of the various entropy (arithmetic)terts may continue over whole slices.
However, whenever a slice crosses - along codidgrall6 — a tile boundary (if present
within the inner of a slice) such as in Fig. 36hwi¢gard to slices 118a,b, then the slice is,
in turn, subdivided into subsections (substreamse®) with the slice comprising pointers
(c.p. entry_point_offset) pointing to the beginrsngf each subsection. In decoder-loop
filters may be allowed to cross tile boundariesct&filters may involve one or more of a
deblocking filter, a Sample Adaptive Offset (SAQItef and an Adaptive loop filter
(ALF). The latter may be applied over tile/sliceundaries if activated.

Each optional second and following subsections hese their beginning positioned byte-
aligned within the slice with the pointer indicairthe offset from beginning of one

subsection to the beginning to the next subseciitve. subsections are arranged within
slices in the scan order 116. Fig. 38 shows an pkamith slice 180c of Fig. 37 being

exemplarily subdivided into subsections 119

With regard to the figures it is noted that sli@sning subparts of tiles do not have to end
with the row in the tile 112a. See, for exampleesiL18a in Figs. 37 and 38.

The figure below shows an exemplary portion of taddream relating to an access unit
associated with the picture 110 of the above R8). Bere, each payload packet 122a-d —
formerly indicated by reference sign 32 - exemplaaccommodates merely one slice
118a. Two timing control packets 124a,b — formenkgicated by reference sign 36 -are
shown as being interspersed into the access ufiit fa® illustration purposes: 124a
precedes packet 122a in packet order 126 (corrdsmpriio de/encoding time axis) and
124b precedes packet 122c. Accordingly, access 1#ftis divided into two decoding
units 128a,b — formerly indicated by reference €8n , the first one of which comprises
packets 122a,b (along with optional filler data ks (succeeding the first and second
packets 122a,b, respectively) and optional accegdaading SEI packets (preceding the
first packet 122a)) and the second one of whichpwes packets 118c,d (along with
optional filler data packets (succeeding packe& X, respectively)).

As described above, each packet of the sequenuackéts may be assigned to exactly one
packet type out of a plurality of packet types (nalit_type). Payload packets and timing
control packets (and optional filler data and SBEtkets) are, for example, of different
packet types. The instantiations of packets of rdaire packet type in the sequence of
packets may be subject to certain limitations. €Hesitations may define an order among
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the packet types (see Fig. 17) which is to be athéyethe packets within each access unit
so that access unit borders 130a,b are detectafderemain at the same position within

the sequence of packets, even if packets of anpvabte packet type are removed from

the video data stream. For example, payload packetsf the non-removable packet type.

However, timing control packets, filler data paskend SEI packets may, as discussed
above, be of the removable packet type, i.e. thay lo@ non-VCL NAL units.

In the above example, timing control packets haxy@igtly been exemplified above by
the syntax of slice_prefix_rbsp().

Using such an interspersing of timing control paskan encoder is enabled to adjust the
buffering scheduling at the decoder side during ¢barse of encoding the individual
pictures of the video content. For example, theodac is enabled to optimize the buffer
scheduling to minimize the end-to-end delay. Is tieigard, the encoder is enabled to take
the individual distribution of coding complexnessrass the picture area of the video
content for the individual pictures of the videontant into account. In particular, the
encoder may continuously output the sequence dkgiacl22, 122a-d, 122a-¢lon a
packet-by-packet basis (i.e. as soon as a cureakiep has been finalized it is output). By
use of the timing control packets, the encodebls to adjust the buffer scheduling at the
decoding side at moments where some of the subBpsrof the current picture have
already been encoded into respective payload pack&h remaining sub-portions,
however, not yet having been encoded.

Accordingly, an encoder for encoding into a videdadstream video content in units of
sub-portions (see coding tree blocks, tiles oresliof pictures of the video content, with
respectively encoding each sub-portion into onenore payload packets (see VCL NAL
units) of a sequence of packets (NAL units) of ¢iteo data stream so that the sequence
of packets is divided into a sequence of accests @amd each access unit collects the
payload packets relating to a respective picturthefvideo content, may be configured to
intersperse into the sequence of packets timingraopackets (slice prefix) so that the
timing control packets subdivide the access units decoding units so that at least some
access units are subdivided into two or more decgpdinits, with each timing control
packet signaling a decoder buffer retrieval timeaaecoding unit, the payload packets of
which follow the respective timing control packetthe sequence of packets.

Any decoder receiving the just-outlined video dstteaam is free to exploit the scheduling
information contained in the timing control packetnot. However, while the decoder is
free to exploit the information, a decoder confaorghwith the codec level must be able to
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decode data following the indicated timing. If exftion takes place, the decoder feeds
its decoder buffer and empties its decoder buffaunits of decoding units. The “decoder
buffer” may, as described above, involve the dedopieture buffer and/or the coded

picture buffer.

Accordingly, a decoder for decoding a video dataash having video content encoded
therein in units of sub-portions (see coding tréechks, tiles or slices) of pictures of the
video content, each sub-portion being respectiwigoded into one or more payload
packets (see VCL NAL units) of a sequence of packBtAL units) of the video data
stream, the sequence of packets being dividedargequence of access units so that each
access unit collects the payload packets relatin@ trespective picture of the video
content, may be configured to look for timing cohtpackets interspersed into the
sequence of packets, subdivide the access undsdettoding units at the timing control
packets so that at least some access units arévglgdoldinto two or more decoding units,
derive from each timing control packet a decoddfebuetrieval time for a decoding unit,
the payload packets of which follow the respectirreng control packet in the sequence of
packets, and retrieve the decoding units from debuff the decoder scheduled at times
defined by the decoder buffer retrieval times f@ tecoding units.

Looking for the timing control packet may involveet decoder inspecting the NAL unit
header and the syntax element comprised therebyelganal_unit_type. If the value of the
latter flag equals some value, i.e. is, in accocdanith the above examples, 124, then the
packet currently inspected is a timing control mdcKk hat is, the timing control packet
would comprise or convey the information explairsxmbve with respect to pseudo code
subpic_buffering as well as subpic_timing. Thath&, timing control packets may convey
or specify initial CPB removal delays for the deepdr specify how many clock ticks to
wait after removal from the CPB of a respectiveadi®tg unit.

In order to allow for a repetitive transmission thie timing control packets without
unintentionally further dividing the access unibiflurther decoding units, a flag within the
timing control packets may explicitly signal wheathe current timing control packet
participates in the access unit subdivision intodimg units or not (compare
decoding_unit_start flag = 1 indicating the starf @ decoding unit, and
decoding_unit_start_flag = 0 signaling the oppositeumstance).

The aspeodf usinginterspersed decoding unit related tile identifmainformation differs
from the aspect of using interspersed decoding netated timing control packets in that
tile identification packets are interspersed inte tdata stream. The above-mentioned
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timing control packets may additionally be intersgel into the data stream or the decoder
buffer retrieval times may be conveyed along with below explained tile identification
information within the same packet commonly. Acaoglly, details brought forward in the
above section may be used in order to clarify issnehe description below.

A further aspect of the present specification ddsig from the above-described
embodiments reveals a video data stream havingoviatent encoded therein, using
predictive and entropy coding, in units of sliceiwhich pictures of the video content are
spatially subdivided, using a coding order amoreggdiices, with restricting predictions of

the predictive coding and/or entropy coding to itiveer of tiles into which the pictures of

the video content are spatially subdivided, whetbe sequence of the slices in coding
order are packetized into payload packets of aeyempi of packets (NAL units) of the

video data stream in the coding order, the sequeficeackets being divided into a

sequence of access units so that each accessalleitt€ the payload packets having
packetized thereinto slices relating to a respeqpicture of the video content, wherein the
sequence of packets has tile identification packetyspersed thereinto identifying tiles
(potentially merely one) which are overlaid by eqpotentially merely one) packetized
into one or more payload packets immediately follmithe respective tile identification

packet in the sequence of packets.

See, for example, the immediately preceding figglrewing a data stream. Packets 124a
and 124b shall now represent tile identificatiorckeds. Either by explicit signaling
(compare single_slice_flag = 1) or per conventitre tile identification packet may
merely identify tiles which are overlaid by slicgmcketized into the immediately
following payload packet 122a. Alternatively, bypégit signaling or per convention, the
tile identification packet 124a may identify tileghich are overlaid by slices packetized
into one or more payload packets immediately follmithe respective tile identification
packet 124a in the sequence of packets until thikeeaf the end 130b of the current
access unit 120, and the starting of a next degodmt 128b, respectively. See, for
example, Fig. 35: if each slice 118asdvas separately packetized into a respective packet
122a-d.3, with the subdivision into decoding units beinglsthat the packets are grouped
into three decoding units according to {123a{122b;.3} and {122q.3, 122d.3}, then the
slices {118g.3, 118d.3} packetized into the packets {1225 122d.3} of the third
decoding unit would, for example, overlay tiles ¢ Bhd 112d, and the corresponding slice
prefix would, for example, when referring to thenguete decoding unit, indicate “c” and
“d”, i.e. these tiles 112c and 112d.
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Thus, the network entity mentioned further belowymese this explicit signaling or
convention in order to correctly associate ea@hitientification packet with one or more
payload packets immediately following the identition packet in the sequence of
packets. The way the identification may be signdlasl exemplarily been described above
by way of the pseudo code subpic tile _info. Theoeissed payload packets were
mentioned above as “prefixed slices”. Naturallye taexample may be modified. For
example, the syntax elements “tile_priority” may Ib# away. Further, the order among
the syntax elements may be switched and the déscriggarding possible bit lengths and
encoding principles of the syntax elements is nyaheistrative.

A network entity which receives the video data atne(i.e. a video data stream having
video content encoded therein, using predictive emdopy coding, in units of slices into
which pictures of the video content are spatiallipdivided, using a coding order among
the slices, with restricting predictions of thegiotive coding and/or entropy coding to the
inner of tiles into which the pictures of the videantent are spatially subdivided, wherein
the sequence of the slices in coding order are gaekl into payload packets of a
sequence of packets (NAL units) of the video datzas in the coding order, the sequence
of packets being divided into a sequence of acuags so that each access unit collects
the payload packets having packetized thereinteslielating to a respective picture of the
video content, wherein the sequence of packetdileaislentification packets interspersed
thereinto) may be configured to identify, basedtbe tile identification packets, tiles
which are overlaid by slices packetized into onemmre payload packets immediately
following the respective tile identification packatthe sequence of packets. The network
entity may use the identification result so aséoide on transmission tasks. For example,
the network entity may handle the different tileshwdifferent priority for playback. For
example, in case of packet loss those payload packating to tiles of higher priority
may be preferred for a retransmission over paylpadkets relating to tiles of lower
priority. That is, the network entity may first tespt the retransmission of lost payload
packets relating to tiles of higher priority. Mereih case of enough time being left
(depending on the transmission rate) the netwotikyeproceeds with requesting the
retransmission of lost payload packets relatintjeés of lower priority. The network entity
may, however, also be a playback unit which is dblassign tiles or payload packets
relating to certain tiles to different screens.

With regard to the aspect of using interspersednregf interest information, it should be
noted that the ROI packets mentioned below coulekisb with the above mentioned
timing control packets and/or tile identificationagkets, either by combining the
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information content thereof within common packetslascribed above with respect to the
slice prefixes, or in the form of separate packets.

The aspect of using interspersed region of intendstmation as described above reveals,
in other words, a video data stream having videdert encoded therein, using predictive
and entropy coding, in units of slices into whidbtyres of the video content are spatially
subdivided, using a coding order among the sliea#) restricting predictions and/or
entropy coding of the predictive coding to the inogtiles into which the pictures of the
video content are divided, wherein the sequencethef slices in coding order are
packetized into payload packets of a sequence cifgim (NAL units) of the video data
stream in the coding order, the sequence of patiedtg divided into a sequence of access
units so that each access unit collects the paypmatkets having packetized thereinto
slices relating to a respective picture of the gidentent, wherein the sequence of packets
has ROI packets interspersed thereinto identifyileg of the pictures which belong to a
ROI of the pictures, respectively.

With regard to the ROI packets, similar commenis\alid as those provided before with
respect to the tile identification packets: the R@tkets may identify tiles of the pictures
which belong to an ROI of the picture merely amdngse tiles which are overlaid by

slices contained in the one or more payload packkish the respective ROI packet refers
to by way of its immediately preceding the one asrenpayload packets as described
above with respect to the “prefixed slices”.

ROI packets may allow for identifying more than oR®Il per prefixed slices with
identifying the associated tiles for each of thB€@ls (c.p. num_rois_minusl). Then, for
each ROI, a priority may be transmitted allowing fanking the ROIs in terms of priority
(c.p. roi_priority[ i]). In order to allow for atfacking” of ROIs over time during a picture
sequence of the video, each ROI may by indexed avitROI index so that ROIls indicated
in the ROI packets may be associated with eachr diéygond/across picture boundaries,
i.e. over time (c.p. roi_id[ i ]).

A network entity which receives the video data atne(i.e. a video data stream having
video content encoded therein, using predictive emdopy coding, in units of slices into
which pictures of the video content are spatiallpdivided, using a coding order among
the slices, with restricting predictions of the giotive coding to the inner of tiles into
which the pictures of the video content are dividehile continuing probability adaptation
of the entropy coding over the whole slices, wiretbe sequence of the slices in coding
order are packetized into payload packets of aesemp of packets (NAL units) of the
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video data stream in the coding order, the sequeficgackets being divided into a

sequence of access units so that each accessalleitt€ the payload packets having
packetized thereinto slices relating to a respectiicture of the video content) may be
configured to identify, based on the tile identition packets, packets packetizing slices
which overlay the tiles which belong to the ROLlué pictures.

The network entity may exploit the information ceged by the ROI packet in a manner
similar as explained above in this previous seategarding the tile identification packets.

With regard to the current section as well as tlevipus section, it should be noted that
any network entity, such as a MANE or decoderbig & ascertain which tile or tiles are
overlaid by the slice or slices of a payload packetently inspected, simply by surveying
the slice order of the slices of the pictures amdeying the progress of the portion of the
current picture these slices cover, relative togbsition of the tiles in the picture, which
may be explicitly signaled in the data stream aslaemed above or may be known to
encoder and decoder by convention. Alternativegheslice (except the first of a picture
in scan order) may be provided with an indicatiotéix (slice_address measured in units
of coding tree blocks) of the first coding blockgeCTB) same refers to (same codes) so
that the decoder may place each slice (its reasetgin) into the picture from this first
coding block on into the direction of the slice erdAccordingly, it may suffice if the
aforementioned tile information packets merely cde® the index of the first tile
(first_tile_id_in_prefixed_slices) overlaid by arsfice of the associated one or more
payload packets immediately following the respextite identification packet since it is
clear for the network entity upon encounteringriegt tile identification packet in line that
if the index conveyed by the latter tile identitioam packet differs from the previous one
by more than one, then the payload packets bettvexse two tile identification packets
cover the tiles having the tile index therebetwédns is true if, as mentioned above, both
tile subdivision and coding block subdivision afe, example, based on a row/column-
wise subdivision having a raster scan order defthedeamong which is, for both tiles and
coding blocks, row-wise, for example, i.e. the tildex increases in this raster scan order
as well as the slices follow each other in accordanith the slice order along this raster
scan order among the coding blocks.

The aspect of packetized and interspersed slicgehesagnaling described derivable from
above embodiments is also combinable with any dribeoaforementioned aspects or any
combination thereof. The previously explicitly deked slice prefixes, for example, in
accordance with version 2 unified all these aspegis advantage of the present aspect is
the possibility of rendering slice header data nmeasily available for network entities as
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they are conveyed in self-contained packets extdmarefixed slices/payload packets,
and a repetitive transmission of the slice headé& & enabled.

Accordingly, a further aspect of the present sjeatibn is the aspect of packetized and
interspersed slice header signaling and may bether words, seen as revealing a video
data stream having video content encoded thereimits of sub-portions (see coding tree
blocks or slices) of pictures of the video contezdch sub-portion being respectively
encoded into one or more payload packets (see VAL hhits) of a sequence of packets
(NAL units) of the video data stream, the sequeotepackets being divided into a
sequence of access units so that each accessliedis the payload packets relating to a
respective picture of the video content, whereim sbquence of packets has interspersed
thereinto slice header packets (slice prefix) cgmgslice header data for, and missing in,
one or more payload packets which follow the respecslice header packet in the
sequence of packets.

A network entity which receives the video data atne(i.e. a video data stream having
video content encoded therein in units of sub-pogi(see coding tree blocks or slices) of
pictures of the video content, each sub-portiondpegspectively encoded into one or more
payload packets (see VCL NAL units) of a sequerfgeackets (NAL units) of the video
data stream, the sequence of packets being diwded sequence of access units so that
each access unit collects the payload packetsrmglad a respective picture of the video
content, wherein the sequence of packets has patesesd thereinto slice header packets)
may be configured to read slice header along witylgad data for the slices from the
packets with, however, deriving from the slice texapackets slice header data and
skipping reading the slice header for one or mamglqad packets which follow the
respective slice header packet in the sequenceadeps, but adopting the slice header
derived from the slice header packet which the onemore payload packets follow,
instead.

As was true with the above mentioned aspects,pbssible that the packets, here the slice
header packets, may also have the functionaliipdi€ating to any network entity such as
a MANE or decoder, the beginning of a decoding anid beginning of runs of the one or
more payload packets prefixed by the respectivkgiaéccordingly, the network entity in
accordance with the present aspect may identifyp#lydoad packets for which reading the
slice header has to be skipped based on the afotemed syntax elements in this packet,
namely single_slice_flag, in combination with, fexample, decoding_unit_start_flag,
among which the latter flag enables, as discusbedea a retransmission of copies of
certain slice header packets within decoding uilites is useful, for example, as the slice
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header of the slices within one decoding unit magnge along the sequence of slices, and
accordingly, while slice header packets at the rb@gg of decoding units may have the
decoding_unit_start_flag set (being equal to orsice header packets positioned
therebetween may have this flag not set, so asetieept any network entity from falsely
interpreting the occurrence of this slice headekptas a beginning a new decoding unit.

Although some aspects have been described in thiextoof an apparatus, it is clear that
these aspects also represent a description ofdniesponding method, where a block or
device corresponds to a method step or a featueeroéthod step. Analogously, aspects
described in the context of a method step alscesgmt a description of a corresponding
block or item or feature of a corresponding apper.abome or all of the method steps may
be executed by (or using) a hardware apparatus,ftik example, a microprocessor, a
programmable computer or an electronic circuitséme embodiments, some one or more
of the most important method steps may be exededich an apparatus.

The inventive video data stream can be stored aligigal storage medium or can be
transmitted on a transmission medium such as desgdransmission medium or a wired
transmission medium such as the Internet.

Depending on certain implementation requirementf)adiments of the invention can be
implemented in hardware or in software. The impletaton can be performed using a
digital storage medium, for example a floppy diskpVD, a Blu-Ray, a CD, a ROM, a
PROM, an EPROM, an EEPROM or a FLASH memory, hawgfegtronically readable

control signals stored thereon, which cooperateafer capable of cooperating) with a
programmable computer system such that the respeatethod is performed. Therefore,
the digital storage medium may be computer readable

Some embodiments according to the invention comprés data carrier having
electronically readable control signals, which aapable of cooperating with a
programmable computer system, such that one of nle¢hods described herein is
performed.

Generally, embodiments of the present invention banimplemented as a computer
program product with a program code, the progranedeeing operative for performing
one of the methods when the computer program ptadus on a computer. The program
code may for example be stored on a machine readablier.
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Other embodiments comprise the computer progranpéoforming one of the methods
described herein, stored on a machine readablercarr

In other words, an embodiment of the inventive rodtls, therefore, a computer program
having a program code for performing one of thehoes described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods igrefore, a data carrier (or a digital
storage medium, or a computer-readable medium) demg, recorded thereon, the
computer program for performing one of the methdescribed herein. The data carrier,
the digital storage medium or the recorded mediuentgpically tangible and/or non—
transitionary.

A further embodiment of the inventive method igrdéfore, a data stream or a sequence of
signals representing the computer program for paifty one of the methods described
herein. The data stream or the sequence of signaysfor example be configured to be
transferred via a data communication connectionefample via the Internet.

A further embodiment comprises a processing meforsgxample a computer, or a
programmable logic device, configured to or adapiedoerform one of the methods
described herein.

A further embodiment comprises a computer havingfaliled thereon the computer
program for performing one of the methods descrhein.

A further embodiment according to the invention poises an apparatus or a system
configured to transfer (for example, electronicadly optically) a computer program for

performing one of the methods described herein t@ceiver. The receiver may, for

example, be a computer, a mobile device, a memewicd or the like. The apparatus or
system may, for example, comprise a file serverrfamsferring the computer program to
the receiver .

In some embodiments, a programmable logic devioe gkample a field programmable
gate array) may be used to perform some or allhef functionalities of the methods
described herein. In some embodiments, a field raraghable gate array may cooperate
with a microprocessor in order to perform one @& mhethods described herein. Generally,
the methods are preferably performed by any harelapparatus.
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The above described embodiments are merely illisstréor the principles of the present
invention. It is understood that modifications aratiations of the arrangements and the
details described herein will be apparent to othskiied in the art. It is the intent,
therefore, to be limited only by the scope of thgénding patent claims and not by the

specific details presented by way of descriptioml @&xplanation of the embodiments
herein.
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Claims

1. Video data stream having video content encodhedein, using predictive and
entropy coding, in units of slices into which pis of the video content are spatially sub-
divided, using a coding order among the sliceshwistricting predictions of the
predictive coding and/or entropy coding to the moiketiles into which the pictures of the
video content are spatially sub-divided, wherei@ slequence of the slices are packetized
into payload packets of a sequence of packetseofitteo data stream in the coding order,
the sequence of packets being divided into a seguehaccess units so that each access
unit collects the payload packets having packetthedeinto slices relating to a respective
picture of the video content, wherein the sequarfigackets has tile identification packets
interspersed thereinto between payload packeta®focess unit, identifying one or more
tiles overlaid by any slice packetized into onenoore payload packets immediately
following the respective tile identification packetthe sequence of packets.

2. Video data stream according to claim 1 wheréia tile identification packets
identify the one or more tiles overlaid by any slgacketized into exactly the immediately
following payload packet.

3. Video data stream according to claim 1 wheréia tile identification packets
identify the one or more tiles overlaid by any slgacketized into the one or more payload
packets immediately following the respective tidientification packet in the sequence of
packets until the earlier of an end of the curamtess unit, and the next tile identification
packet, respectively, in the sequence of packets.

4. Video data stream according to claim 1 whereenvideo data stream is a scalable
video coding (SVC) data stream.

5. Network entity configured to receive a videoadstream according to any of claims
1 to 2 and identify, based on the tile identifioatipackets, tiles which are overlaid by
slices packetized into one or more payload packetsediately following the respective

tile identification packet in the sequence of paske

6. Network entity according to claim 5 wherein tretwork entity is configured to use
a result of the identification so as to decide mms$mission tasks pertaining the video data
stream.
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7. Network entity according to claim 5 or 6 wheréne transmission tasks comprise
re-transmission requests concerning defect packets.

8. Network entity according to claim 5 or 6 wheréie network entity is configured
to handle different tiles with different priorityybassigning a higher priority to tile
identification packets and the payload packets idiately following the respective tile
identification packet having slices packetized ¢v@o which overlay tiles identified by
the respective tile identification packets, for @hithe priority is higher, then to tile
identification packets and the payload packets idiately following the respective tile
identification packet having slices packetized ¢v@o which overlay tiles identified by
the respective tile identification packets, for @rhthe priority is lower.

9. Network entity according to claim 8 wherein thetwork entity is configured to
first request a retransmission of payload packetging the higher priority assigned
thereto, before requesting any retransmission pliopd packets having the lower priority
assigned thereto.

10. Network entity according to claim 5 wherein thideo data stream is a scalable
video coding (SVC) data stream.

11. Method comprising receiving a video data streagording to any of claims 1 to 2
and identifying, based on the tile identificatioacgets, tiles which are overlaid by slices
packetized into one or more payload packets imnbegidollowing the respective tile
identification packet in the sequence of packets.

12. Method according to claim 11 wherein the vidiata stream is a scalable video
coding (SVC) data stream.

13.  Video data stream having video content encdkeckin in units of sub-portions of
pictures of the video content, each sub-portiondpegspectively encoded into one or more
payload packets of a sequence of packets of treowddta stream, the sequence of packets
being divided into a sequence of access units aoelich access unit collects the payload
packets relating to a respective picture of theewidontent, wherein at least some access
units have the sequence of packets has interspénseeinto ROI packets so that the
timing control packets subdivide the access units decoding units so that at least some
access units have ROI packets interspersed betpadoad packets relating to the picture
of the respective access unit, with each ROI paosdetting to one or more following
payload packets in the sequence of packets, fatigvihe respective ROI packet, and
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identifying as to whether the sub-portions encood any of the one or more payload
packets to which the respective ROI packet relatesilay a region of interest of the video
content.

14.  Video data stream according to claim 13 whettegnsub-portions are slices and the
video content is encoded into the video data streasimg predictive and entropy coding
with restricting the predictive and/or entropy auglito the inner of tiles into which the

pictures of the video content are divided, wheesagh ROI packet additionally identifies

the tiles within which the sub-portions encodedvimainy of the one or more payload
packets to which the respective ROI packet relatesilay the region of interest.

15.  Video data stream according to claim 13 or hnein each ROI packet relates to
the immediately following payload packet exclusyvel

16.  Video data stream according to claim 13 or hnein each ROI packet relates to
all payload packets immediately following the redpe ROI packet in the sequence of
packets until the earlier of an end of the accegswithin which the respective ROI packet
is arranged , and the next ROI packet, respectively

17.  Video data stream according to claim 13 whetteénvideo data stream is a scalable
video coding (SVC) data stream.

18. Network entity configured to receive a videtadstream according to any of claims
24 to 27 and identify, based on the ROI packetsR®I of the video content.

19. Network entity according to claim 18 whereie thetwork entity is configured to
use a result of the identification so as to deciddransmission tasks pertaining the video
data stream.

20. Network entity according to claim 18 or 19 wdier the transmission tasks
comprise re-transmission requests concerning dpéaitets.

21. Network entity according to claim 18 or 19 wdier the network entity is

configured to handle the region of interest witkré@ased priority by assigning a higher
priority to ROI packets and the one or more paylpadkets following the respective ROI
packet, to which the respective ROI packet relatdéch ROI packets signal an overlay of
the region of interest by the sub-portions encori¢ol any of the one or more payload
packets to which the respective ROI packet reldtes; to ROl packets and the one or
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more payload packets following the respective R@dket, to which the respective ROI
packet relates, which ROI packets signal no overlay

22. Network entity according to claim 21 whereie thetwork entity is configured to
first request a retransmission of payload packeteing the higher priority assigned
thereto, before requesting any retransmission pliopd packets having the lower priority
assigned thereto.

23. Network entity according to claim 18 whereie tideo data stream is a scalable
video coding (SVC) data stream.

24. Method comprising receiving a video data streacording to any of claims 13 to
16 and identifying, based on the ROI packets, tté¢ &t the video content.

25. Method according to claim 24 wherein the vidiata stream is a scalable video
coding (SVC) data stream.

26.  Computer-program having a program code forgperihg, when running on a
computer, a method according to claim 11 or 24.



