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1 Introduction
The TV Prof Work Item is rich of objectives. One of the objectives is:
· Identify the enablers in different 3GPP services (MBMS, PSS, DASH) to map such parameters to 3GPP services, including service specific requirements, e.g. adaptive resolution switching in DASH. etc.

In this document we address the enablers for content format signalling and signal properties in DASH, which also fulfils a major use case for MBMS streaming delivery.

As baseline for the discussion, we primarily use the following two specifications

· MPEG-DASH Profile for Transport of ISO BMFF Based DVB Services over IP Based Networks [1] 

· Guidelines for Implementation: DASH-IF Interoperability Points, version 3.0 [2] 
· ISO/IEC 23001-8:2013: Coding-independent code points [3] 
In addition the capabilities for signaling in the ISO base media file format [4], the NAL structured video file format [6] and in the elementary streams for H.264/AVC [5] and H.265/HEVC [7] are relevant.
This document focusses on video only at this point in time. Signaling for other media types such as audio or subtitles is for further study.
2 Relevant Signaling Parameters
From the current TR available in document S4-150260, the following relevant parameters are extracted.
· Picture Resolution 

· Picture Aspect Ratio 

· Chroma Format 

· Sub-sampling format 

· Sample aspect ratio

· Bit Depth

· Color Primaries and Transfer Function 

· Frame rates (Hz)

· Video coding format

· Video Codec Profile Level
· Random Access Point
3 DASH Signaling Background
3.1 Representations in one Adaptation Set

In order to understand the relevant signaling aspects in DASH, Figure 1 provides a processing model for Representations in one Adaptation Set. In this case, original video in a certain format (e.g. any of those documented in the TR) may be preprocessed, for example by temporal and/or spatial subsampling. Afterwards, the signal is encoded, possibly in different bitrates such that adaptive switching across the provided Representations is permitted. After delivery, the receiver decodes and processes the data to display the data. Different video formats may be offered to the client and the video format may be differentiated on selection or on adaptation level.
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3.2 Receiver Processing Model
It is relevant that the video signal is processed in multiple instances in the receiver in a DASH-based model. This is shown in Figure 2. The DASH client provides the downloaded information to an ISO BMFF processing engine that consumes the downloaded data and provides the elementary streams to the video decoder and to the display. The parameters as documented in section 2 may be available and required in different levels of the processing chain, namely in the DASH client (i.e. MPD), the ISO BMFF parser (i.e. in the movie fragment header), in the video decoder (i.e. in the elementary stream) or for the display (i.e. in VUI and/or SEI parameters).
The purpose and consistency of the parameters is important.
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3.3 Signaling Framework and Options

In DASH, the following signaling options are available for the different parameters and also some constraints are mentioned:

· Picture Resolution

· Adaptation Set Parameters @maxWidth and @maxHeight
· Note in [1] and [2]: The attributes @maxWidth and @maxHeight should be used such that they describe the target display size. This means that they may exceed the actual largest size of any coded Representation in one Adaptation Set.
· Common Adaptation Set or Representation Parameters @width and @height
· Note in [1] and [2]:  @width, @height, and @sar attributes should indicate the vertical and horizontal sample count of encoded and cropped video samples, not the intended display size in pixels.
· Requirement in [1] and [2]: Only the active video area shall be encoded so that devices can frame the height and width of the encoded video to the size and shape of their currently selected display area without extraneous padding in the decoded video, such as “letterbox bars” or “pillarbox bars”.
· Width and height in track header box of the ISO BMFF

· Requirement in [8]: the width and height values in the track header box shall have the nominal display size in square pixels after decoding, H.264/AVC cropping, and rescaling.

· Picture Aspect Ratio 
· The Adaptation Set parameter @par
· Requirement in [1]: the picture aspect ratio as specified by this attribute shall be the same as indicated by the values of @width, @height, and @sar, i.e. it shall express the same ratio as (@width * sarx): (@height * sary), with sarx the first number in @sar and sary the second number.

· Chroma Format
· Signaling in CICP ISO/IEC 23001-8 through the matrix coefficients
· Defines the URN format urn:mpeg:mpegB:cicp:MatrixCoefficients
· Defines the values in Table 4 of ISO/IEC 23001-8 [3].

· In DASH the Essential or Supplemental Descriptor may be used to signal the value using the CICP scheme and values
· In the ISO BMFF, the ColourInformationBox may be used to signal the matrix coefficients
· Signaling through VUI information in the matrix_coeffs
· Sub-sampling format
· No signaling in DASH, but through @codecs parameter (see below)
· No explicit signaling in ISO BMFF, but through the sample entry
· Signaling in elementary stream through chroma_format_idc
· Sample aspect ratio
· Common Adaptation Set or Representation Parameters @sar in DASH

· Note in [1] and [2]:  @width, @height, and @sar attributes should indicate the vertical and horizontal sample count of encoded and cropped video samples, not the intended display size in pixels.
· PixelAspectRatioBox in the ISO BMFF 
· Bit Depth
· No signaling in DASH, but through @codecs parameter (see below)

· No explicit signaling in ISO BMFF, but through sample entry

· Signaling in elementary stream through bit_depth_luma_minus8 and bit_depth_chroma_minus8.
· Color Primaries and Transfer Function
· Signaling in CICP ISO/IEC 23001-8 through the colour primaries and transfer characteristics

· Defines the URN format urn:mpeg:mpegB:cicp: ColourPrimaries  and urn:mpeg:mpegB:cicp:TransferCharacteristics 

· Defines the values in Table 4 of ISO/IEC 23001-8 [3].

· In DASH the Essential or Supplemental Descriptor may be used to signal the value using the CICP scheme and values
· In the ISO BMFF, the ColourInformationBox may be used.

· Signaling through VUI information in the elementary stream  
· Frame rates (Hz)
· Adaptation Set Parameter @maxFrameRate
· Common Adaptation Set or Representation Parameter @frameRate 

· The frar parameter in the Track Selection box of the user Data in the ISO BMFF. This is driven by decoding and composition times in the ISO BMFF.
· No explicit signaling of the frame rate is possible in the elementary stream. Note that in the HRD parameters, this may be implicitly defined.
· Video coding format and Video Codec Profile Level
· Common Adaptation Set or Representation Parameter @codecs in MPEG-DASH

· In the Visual Sample entry in the ISO BMFF
· Random Access Point

· In DASH this can be signaled by segment durations and @startsWithSAP signaling being 1, 2 or 3.

· In the ISO file format, Random access points can be signaled with the Segment Index and the sync sample table.

3.4 Signaling Questions
In order to consistently support the formats in DASH based environments, at least the following questions should be answered by for video profiles in the context of DASH.

· What are the relevant Signal Parameters for 3GPP today and which ones may be get relevant in the future?

· What are relevant selection parameters for video Adaptation Sets, i.e. which parameters may be placed on Adaptation Set level?

· What are relevant adaptation parameters for video Adaptation Sets, i.e. which parameters may be placed on Adaptation Set level?

· What are parameters that must not change in one Adaptation Set?

· What parameters are necessary on what level?

· If parameters are available on different levels, how do they relate? Can they differ?

· What are the signaling options to provide the parameters?
4 Proposed Answers
These are the proposed answers to the question above:

· What are the relevant Signal Parameters for 3GPP today and which ones may be get relevant in the future?

· Relevant today

· (Encoded) Picture Resolution 

· Frame rates (Hz)

· Video coding format

· Video Codec Profile Level
· Random Access Point

· Potentially relevant in the future

· (Display) Picture Resolution

· Picture Aspect Ratio 

· Chroma Format 

· Sub-sampling format 

· Sample aspect ratio

· Bit Depth

· Color Primaries and Transfer Function 
· What are relevant selection parameters for video Adaptation Sets, i.e. which parameters may be placed on Adaptation Set level?

· Frame rates (Hz)

· Video coding format

· Video Codec Profile Level
· Random Access Point

· (Display) Picture Resolution

· Picture Aspect Ratio 

· Chroma Format 

· Sub-sampling format 

· Sample aspect ratio

· Bit Depth

· Color Primaries and Transfer Function 
· What are relevant adaptation parameters for video Adaptation Sets, i.e. which parameters may be placed on Adaptation Set level?

· (Encoded) Picture Resolution 

· Frame rates (Hz) (this is for discussion)

· Video Codec Profile Level (this is for discussion)
· What are parameters that must not change in one Adaptation Set?

· Frame rates (Hz)

· Video coding format

· Random Access Point

· (Display) Picture Resolution

· Picture Aspect Ratio 

· Chroma Format 

· Sub-sampling format 

· Sample aspect ratio

· Bit Depth

· Color Primaries and Transfer Function 
· What parameters are necessary on what level?

· This requires further discussion

· If parameters are available on different levels, how do they relate? Can they differ?

· This requires further discussion

· What are the signaling options to provide the parameters?

· See above
5 Required Signaling and Gap Analysis
Based on the discussions in section 3.3 and 4 and the analysis of TS26.247 and TS26.244 as it exists today, at least the following gaps are identified:
· Interpretation of the @maxWidth and @maxHeight in DASH needs to be clarified according to [1] and [2].
· Interpretation of the @width, @height, and @sar in DASH needs to be clarified according to [1] and [2].

· Interpretation of width and height in track header box of the ISO BMFF needs to be clarified according to [8].
· Addition of Picture Aspect Ratio to TS26.247 with some restricted values

· Enable signaling of CICP parameters for Matrix Coefficients, Colour Primaries and Transfer Functions in DASH and ISO BMFF.

· Enable a frame rate signaling in DASH
· Provide clear signaling for the defined parameters and options in the TV Profile Specification.

· Define default parameters if certain signaling is not present
6 Proposal
It is proposed to add the relevant information in sections 2 to 5 to the technical report and address the identified gaps in the relevant specifications in 3GPP as part of the TV video Profile work item.
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Figure � SEQ Figure \* ARABIC �2� Receiver reference model for DASH based streaming
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