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Abstract
To better align atlas NAL unit types with their corresponding video unit types (e.g. NAL unit types as in HEVC and AVC), this contribution proposes splitting all ACL NAL unit types to reference and non-reference NAL unit types.	
Introduction
In the AVC, HEVC, and VVC specifications it is possible to identify if the NAL unit of a VCL corresponds to data associated with a reference or a non reference picture by examining the information in the nal_unit(). In AVC, such information can be derived by decoding the syntax element nal_ref_idc, while in HEVC and VVC such information is attached with the nal_unit_type syntax element. Knowledge of this information could assist decoders but also streaming systems to determine easily the importance of decoding a particular picture for other pictures in the bitstream, and performing necessary decisions for its handling, e.g. for permitting decoding or streaming scalability operations.
Unfortunately, this functionality was not included in the V-PCC specification when defining NAL types for atlases. The specification seems also broken currently since it seems to improperly define the concept of a sub-layer non-reference (SLNR) atlas frame. We believe that properly signaling NAL units associated with reference and non reference atlas frames is an essential functionality in the V-PCC specification so as to maintain proper alignment and flexibility between the NAL types of an atlas and NAL types or other related coding units that may be supported in the video layers. This proposal extends NAL types in V-PCC to achieve such functionality.
Proposed solution
We propose extend NAL unit types currently defined in V-PCC with additional types that will distinguish between NAL unit types that correspond to reference and non reference atlas frames as follows:

nal_unit_type specifies the type of the RBSP data structure contained in the NAL unit as specified in Table 7 3. 
NAL units that have nal_unit_type in the range of NAL_UNSPEC_52..NAL_UNSPEC_63, inclusive, for which semantics are not specified, shall not affect the decoding process specified in this document. 
NOTE 1 – NAL unit types in the range of NAL_UNSPEC_52..NAL_UNSPEC_63 may be used as determined by the application. No decoding process for these values of nal_unit_type is specified in this document. Since different applications might use these NAL unit types for different purposes, particular care must be exercised in the design of encoders that generate NAL units with these nal_unit_type values, and in the design of decoders that interpret the content of NAL units with these nal_unit_type values. This document does not define any management for these values. These nal_unit_type values might only be suitable for use in contexts in which "collisions" of usage (i.e., different definitions of the meaning of the NAL unit content for the same nal_unit_type value) are unimportant, or not possible, or are managed – e.g., defined or managed in the controlling application or transport specification, or by controlling the environment in which bitstreams are distributed. 
For purposes other than determining the amount of data in the decoding units of the bitstream (as specified in Annex C), decoders shall ignore (i.e. remove from the bitstream and discard) the contents of all NAL units that use reserved values of nal_unit_type. 
NOTE 2 – This requirement allows future definition of compatible extensions to this document.
[bookmark: _Ref2347708]Table 7.‑1 – NAL unit type codes and NAL unit type classes
	nal_unit_type
	Name of nal_unit_type
	Content of NAL unit and RBSP syntax structure
	NAL unit
type class

	0
1
	NAL_TRAIL_N
NAL_TRAIL_R
	Coded tile group of a non-TSA, non STSA trailing atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	2
3
	NAL_TSA_N
NAL_TSA_R
	Coded tile group of a TSA atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	4
5
	NAL_STSA_N
NAL_STSA_R
	Coded tile group of a STSA atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	6
7
	NAL_RADL_N
NAL_RADL_R
	Coded tile group of a RADL atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	8
9
	NAL_RASL_N
NAL_RASL_R
	Coded tile group of a RASL atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	10
11
	NAL_SKIP_N
NAL_SKIP_R
	Coded tile group of a skipped atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	12
14
	NAL_RSV_ACL_N12
NAL_RSV_ACL_N14
	Reserved non-IRAP sub-layer non-reference ACL NAL unit types
	ACL

	13
15
	NAL_RSV_ACL_R13
NAL_RSV_ACL_R15
	Reserved non-IRAP sub-layer reference ACL NAL unit types 
	ACL

	16
17
18
	NAL_BLA_W_LP
NAL_BLA_W_RADL
NAL_BLA_N_LP
	Coded tile group of a BLA atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	19
20
21
	NAL_GBLA_W_LP
NAL_GBLA_W_RADL
NAL_GBLA_N_LP
	Coded tile group of a GBLA atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	22
23
	NAL_IDR_W_RADL
NAL_IDR_N_LP
	Coded tile group of an IDR atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	24
25
	NAL_GIDR_W_RADL
NAL_GIDR_N_LP
	Coded tile group of a GIDR atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	26
	NAL_CRA
	Coded tile group of a CRA atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	27
	NAL_GCRA
	Coded tile group of a GCRA atlas frame
atlas_tile_group_layer_rbsp( )
	ACL

	28
29
	NAL_IRAP_ACL_28
NAL_IRAP_ACL_29
	Reserved IRAP ACL NAL unit types
	ACL

	30..35
	NAL_RSV_ACL_30..
NAL_RSV_ACL_35
	Reserved non-IRAP ACL NAL unit types
	ACL

	36
	NAL_ASPS
	Atlas sequence parameter set
atlas_sequence_parameter_set_rbsp( )
	non-ACL

	37
	NAL_AFPS
	Atlas frame parameter set
atlas_frame_parameter_set_rbsp( )
	non-ACL

	38
	NAL_AUD
	Access unit delimiter
access_unit_delimiter_rbsp( )
	non-ACL

	39
	NAL_VPCC_AUD
	V-PCC access unit delimiter
access_unit_delimiter_rbsp( )
	non-ACL

	40
	NAL_EOS
	End of sequence
end_of_seq_rbsp( )
	non-ACL

	41
	NAL_EOB
	End of bitstream
end_of_atlas_sub_bitstream_rbsp( )
	non-ACL

	42
	NAL_FD
	Filler
filler_data_rbsp( )
	non-ACL

	43
44
	NAL_PREFIX_NSEI 
NAL_SUFFIX_NSEI
	Non-essential supplemental enhancement information
sei_rbsp( )
	non-ACL

	45
46
	NAL_PREFIX_ESEI
NAL_SUFFIX_ESEI
	Essential supplemental enhancement information
sei_rbsp( )
	non-ACL

	47
	NAL_AAPS
	Atlas adaptation parameter set
atlas_adaptation_parameter_set_rbsp( )
	non-ACL

	48.51
	NAL_RSV_NACL_48
NAL_RSV_NACL_51
	Reserved non-ACL NAL unit types
	non-ACL

	52..63
	NAL_UNSPEC_52
NAL_UNSPEC_63
	Unspecified non-ACL NAL unit types
	non-ACL



NOTE 3 – A clean random access (CRA) and a global clean random access atlas frame may have associated random access skipped leading (RASL) or random access decodable leading (RADL) atlas frames present in the bitstream.
NOTE 4 – A broken link access (BLA) or a global broken link access (GBLA) atlas frame having nal_unit_type equal to NAL_BLA_W_LP and NAL_GBLA_W_LP respectively, may have associated RASL or RADL atlas frames present in the bitstream. A BLA or a GBLA atlas frame having nal_unit_type equal to NAL_BLA_W_RADL and NAL_GBLA_W_RADL respectively, does not have associated RASL atlas frames present in the bitstream, but may have associated RADL atlas frames in the bitstream. A BLA or a GBLA atlas frame having nal_unit_type equal to NAL_BLA_N_LP and NAL_GBLA_N_LP respectively, does not have associated leading atlas frames present in the bitstream.
NOTE 5 – An instantaneous decoding refresh (IDR) or a global instantaneous decoding refresh (GIDR) atlas frame having nal_unit_type equal to NAL_IDR_N_LP and NAL_GIDR_N_LP respectively, does not have associated leading atlas frames present in the bitstream. An IDR or a GIDR atlas frame having nal_unit_type equal to NAL_IDR_W_RADL and NAL_GIDR_W_RADL respectively, does not have associated RASL atlas frames present in the bitstream, but may have associated RADL atlas frames in the bitstream.
NOTE 6 – A sub-layer non-reference (SLNR) atlas frame is not included in any of RefPicSetStCurrBefore, RefPicSetStCurrAfter and RefPicSetLtCurr of any atlas frame with the same value of TemporalId, and may be discarded without affecting the decodability of other atlas frames with the sa-me value of TemporalId.
All coded tile group NAL units of an access unit shall have the same value of nal_unit_type. An atlas frame or an access unit is also referred to as having a nal_unit_type equal to the nal_unit_type of the coded tile group NAL units of the atlas frame or the access unit.
If an atlas frame has nal_unit_type equal to NAL_TRAIL_N, NAL_TSA_N, NAL_STSA_N, NAL_RADL_N, NAL_RASL_N, NAL_RSV_ACL_N12, or NAL_RSV_ACL_N13 the atlas frame is an SLNR atlas frame. Otherwise, the atlas frame is a sub-layer reference atlas frame.
Each atlas frame, other than the first atlas frame in the bitstream in decoding order, is considered to be associated with the previous intra random access point (IRAP) atlas frame in decoding order.
When an atlas frame is a leading atlas frame, it shall be a RADL or RASL atlas frame.
When an atlas frame is a trailing atlas frame, it shall not be a RADL or RASL atlas frame.
When an atlas frame is a leading atlas frame, it shall precede, in decoding order, all trailing atlas frames that are associated with the same IRAP atlas frame.
No RASL atlas frames shall be present in the bitstream that are associated with a BLA atlas frame having nal_unit_type equal to NAL_BLA_W_RADL or NAL_BLA_N_LP.
No RASL atlas frames shall be present in the bitstream that are associated with a GBLA atlas frame having nal_unit_type equal to NAL_GBLA_W_RADL or NAL_GBLA_N_LP.
No RASL atlas frames shall be present in the bitstream that are associated with an IDR or a GIDR atlas frame.
No RADL atlas frames shall be present in the bitstream that are associated with a BLA atlas frame having nal_unit_type equal to NAL_BLA_N_LP, a GBLA atlas frame having nal_unit_type equal to NAL_GBLA_N_LP, an IDR atlas frame having nal_unit_type equal to NAL_IDR_N_LP, or a GIDR atlas frame having nal_unit_type equal to NAL_GIDR_N_LP.
NOTE 7 – It is possible to perform random access at the position of an IRAP access unit by discarding all access units before the IRAP access unit (and to correctly decode the IRAP atlas frame and all the subsequent non-RASL atlas frames in decoding order), provided each parameter set is available (either in the bitstream or by external means not specified in this document) when it needs to be activated.
Any RASL atlas frame associated with a CRA, GCRA, BLA, or GBLA atlas frame shall precede any RADL atlas frame associated with the CRA, GCRA, BLA, or GBLA atlas frame in output order.
Any RASL atlas frame associated with a CRA or GCRA atlas frame shall follow, in output order, any IRAP atlas frame that precedes the CRA or GCRA atlas frame in decoding order.
A nal_unit_type equal to NAL_VPCC_AUD that is associated with a particular atlas frame j means that all output V-PCC component frames that have the same output time order as the atlas frame j shall have the same decoding order as that of the atlas frame.
NOTE 8 – An application may specify that all frames in a V-PCC sequence are delimited using a nal_unit_type equal to NAL_VPCC_AUD, in which case all V-PCC sub-bitstreams including sub-bitstreams that correspond to different maps will be aligned in both decoding order and output time.
Conclusion
In this contribution we propose extending the NAL types in V-PCC to distinguish between reference and non reference NAL ACL types, so as to better align with NAL unit types that exist in video specifications.

