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1. Introduction

This contribution addresses limiting the size of variable length coded fields in the high-level syntax, especially in parameter sets and slices headers. In the worst case, these fields can be arbitrarily large. This contribution identifies problematic fields and proposes some alternative strategies for limiting the size of such fields. 

1.1. Problem Statement

In the current high-level syntax many elements are coded as variable length fields. Each of these fields is a potential problem in that, unless there is a restriction on the set of legal values that are encoded in the field, the size of these fields is potentially unbounded. This true for fields that are encoded as UVLC code points, such as delta encoding of picture order counts in slice orders, as well for fields using a configurable size, like the frame_num field in the slice header. 

In this rest of this contribution we refer to these fields in the high-level syntax as unbounded fields.  For someone trying to implement a compliant decoder, unbounded fields are a potential problem from three perspectives. 

1. Unbounded Memory Consumption. A compliant decoder has to store all fields inside of a parameter set. If these fields are unbounded then the storage space required for parameter sets is also unbounded. 

2. Unbounded Length of Syntax Elements. A decoder must be prepared to parse parameter sets or slice headers whose length can be arbitrarily large up to the constraints impose by HRD compliance. 

3. Decoding Processing. A decoder must be prepared to perform computations on fields whose upper limit is not known. For example, a frame number of 1000 bits long is syntactically and semantically legal in the FCD (even when subject to HRD considerations). 

1.2. Possible Approaches

There are two obvious approaches to solving this problem: (1) a local approach in which we assign specific limits to each unbounded field; and (2) a global approach where we assign upper limits to the size of certain syntax elements but do not define field specific limits. 

Using the global approach one could limit the size of major high-level syntax elements. For example, one could impose an upper limit on the size of a picture parameter set to be m bits. Or even for a global limit of n bytes for the storage of all sequence or all picture parameter sets. Such an approach would impose an implicit limit on every field in the constrained syntax element. A variation of this idea would be to impose limits on subparts of the high-level syntax. For example, limiting the size of the adaptive weighting prediction element to a total size of x bits. 

While the global approach addresses the unbounded memory consumption and unbounded length problems it still does not address the decoding processing issue. Therefore we believe that a local approach is essential for all unbounded fields. It is also worth considering whether global limits should be combined with local limits. For example, it might be useful to define a maximum size a decoder must allocate to store parameter sets to, say, 16K for sequence parameter sets and 64K for picture parameter sets. 

In the rest of this contribution we examine each of the high-level syntax elements – parameter sets, slice headers – to determine the unbounded fields. For each field we discuss the issues with limiting the field and propose some initial limits for discussion. Note that our intention here is not to advocate one particular limit but to start the discussion of appropriate limiting values.

SEI messages have similar issues but we did not have time to look into this part of the high-level syntax.

2. Sequence Parameter Set Limits

In this section we review the sequence parameter set syntax and semantics to identify fields that are unbounded and discuss possible limits for these fields. 

2.1. Unbounded Fields

The following table shows all fields in the sequence parameter set syntax using variable length coding. Beside each field we indicate whether it is currently bounded or not.

	Field Name
	Descriptor
	Bounded
	Limit

	profile_idc
	ue(v)
	Yes?
	Maximum defined value among current profile codes but no value defined for future profiles. 

	level_idc
	ue(v)
	Yes?
	Maximum defined value implicitly for existing levels but no maximum for future levels. 

	seq_parameter_set_id
	ue(v)
	Yes?
	Profile limits to maximum of 16 but it unclear if this is limited to a value between zero and 15.

	log2_max_frame_num_minus4
	ue(v)
	No
	

	pic_order_cnt_type
	ue(v)
	Yes
	Semantics.

	log2_max_pic_order_cnt_minus4
	ue(v)
	No
	

	offset_for_non_stored_pic
	se(v)
	No
	

	num_stored_frames_in_pic_order_cnt_cycle
	ue(v)
	No
	

	offset_for_stored_frame[ i ]
	se(v)
	No
	

	num_of_ref_frames
	ue(v)
	Yes
	Annex A limits to maximum of 16.

	pic_width_in_mbs_minus1
	ue(v)
	Yes
	Each level defines a maximum picture size in MBs.

	pic_height_in_mbs_minus1
	ue(v)
	Yes
	Each level defines a maximum picture size in MBs.


2.2. Limiting Field Values

Most fields at the sequence parameter level are bounded by the limits specified in Annex A. The fields that are currently unbounded control the coding of frame numbers and picture order counts in slice headers. 

2.2.1. Frame Numbers Parameters

The log2_max_frame_num_minus4 field specifies the number of bits used to code the frame number in each slice header. 

	Field
	Limit
	Rationale

	log2_max_frame_num_minus4
	12
	Since frame numbers larger than 16 bits are unlikely, we suggest assigning a maximum value of this field of 12 (i.e. 16-4). 


2.2.2. Picture Order Count Parameters 

	Field
	Limit
	Rationale

	log2_max_pic_order_cnt_minus4
	[0,28]
	Similar to frame numbers, this field specifies the number of bits used to code picture order counts in slice headers when POC mode 0 is used. We propose limiting the size of the picture_cnt field in the slice header to 32 bits because that is the maximum accuracy for the picture order count required by the decoder. This gives a limit for this field of 32-4 = 28.

	offset_for_non_stored_pic
	[-231, 231-1]
	This field is the default offset for the POC value from the first non-stored frame after each stored frame. Again, limiting this to a maximum value that fits in the range of signed 32-bit number is reasonable given that POC values are maintained by a decoder as 32‑bit unsigned values.

	num_stored_frames_in_pic_order_cnt_cycle
	16
	This field indicates the length of the repeating pattern of differences between picture order counts. A value of 16 seems more than reasonable. 

	offset_for_stored_frame[ i ]
	[-231, 231-1]
	Same as for offset_for_non_stored_pic. 



3. Picture Parameter Sets Limits

In this section we review the picture parameter set syntax and semantics to identify fields that are unbounded and discuss possible limits for these fields. 

3.1. Unbounded Fields

The following table shows all fields in the picture parameter set syntax using variable length coding. Beside each field we indicate whether it is currently bounded or not.

	Field Name
	Descriptor
	Bounded
	Limit

	pic_parameter_set_id
	ue(v)
	Yes?
	Limit of 64 picture parameter sets. Assume that legal values are between 0 and 63.

	seq_parameter_set_id
	ue(v)
	Yes?
	Limit of 16 sequence parameter sets.

	entropy_coding_mode
	ue(v)
	Yes
	Semantics.

	motion_resolution
	ue(v)
	Yes
	Semantics.

	num_slice_groups_minus1
	ue(v)
	Yes
	By profile defined limits on slice groups

	mb_allocation_map_type
	ue(v)
	Yes
	Semantics

	run_length
	ue(v)
	Yes
	Bounded by size of maximum picture in level.

	slice_group_id 
	u(v)
	Yes
	By profile defined limits on slice groups.

	top_left_mb
	u(v)
	Yes
	Bounded by size of maximum picture in level.

	bottom_right_mb
	u(v)
	Yes
	Bounded by size of maximum picture in level.

	slice_group_change_rate_minus1
	ue(v)
	Yes.
	Bounded by the maximum number of MBs in a picture. 

	num_ref_idx_l0_active_minus1
	ue(v)
	Yes
	Bounded by maximum # of reference frames (16).

	num_ref_idx_l1_active_minus1
	ue(v)
	Yes
	Bounded by maximum # of reference frames (16).

	slice_qp_minus26  /* relative to 26 */
	se(v)
	Yes
	Limited by legal range of QP (0,51).

	slice_qp_s_minus26  /* relative to 26 */
	se(v)
	Yes
	Limited by legal range of QP (0,51).


Thus we can see that currently all picture parameter fields are bounded. 

4. Slice Header Limits

In this section we review the slice header syntax and semantics, as well its contained elements, to identify fields that are unbounded and discuss possible limits for these fields. 

4.1. Unbounded Fields

The following tables show all fields in the slice header syntax, as well as contained elements that use variable length coding. Beside each field we indicate whether it is currently bounded or not.

4.1.1. Slice Header

	Field
	Descriptor
	Bounded
	Limit

	pic_parameter_set_id
	ue(v)
	Yes
	Maximum of 64 parameter sets.

	frame_num
	u(v)
	No
	Bounded by the value of this field specified in the sequence parameter set.

	pic_structure
	ue(v)
	Yes
	Semantics.

	first_mb_in_slice
	u(v)
	Yes
	Maximum number of MBs in level. 

	slice_type_idc
	ue(v)
	Yes
	Semantics.

	pic_order_cnt
	u(v)
	No
	Bounded by the number of bits configured in picture set.

	delta_pic_order_cnt
	se(v)
	No
	

	redundant_pic_cnt
	ue(v)
	No
	

	num_ref_idx_l0_active_minus1
	ue(v)
	Yes
	Bounded by maxmimum size of reference picture buffer (16). 

	num_ref_idx_l1_active_minus1
	ue(v)
	Yes
	Bounded by maxmimum size of reference picture buffer (16). 

	slice_qp_delta
	se(v)
	Yes
	Bounded by limits on QP ([-51, 51])

	slice_qp_s_delta
	se(v)
	Yes
	Bounded by limits on QP ([-51, 51])

	slice_alpha_c0_offset_div2
	se(v)
	Yes
	Semantics.

	slice_beta_offset_div2
	se(v)
	Yes
	Semantics

	slice_group_change_cycle
	u(v)
	Yes
	Limited by value of slice group change configured in sequence parameter set. 


4.1.2. Reference Picture Reordering

	Field
	Descriptor
	Bounded
	Limits

	remapping_of_pic_nums_idc
	ue(v)
	Yes
	Semantics

	abs_diff_pic_num_minus1
	ue(v)
	No
	Bounded by the value of MAX_PN in the picture parameter set. 

	long_term_pic_idx
	ue(v)
	Yes
	Bounded by maximum picture buffer size (16). 

	remapping_of_pic_nums_idc
	ue(v)
	Yes
	Semantics

	long_term_pic_idx
	ue(v)
	Yes
	Bounded by maximum picture buffer size (16). 


4.1.3. Reference Picture Buffer Management 

	Field
	Descriptor
	Bounded
	Limits

	memory_management_control_operation
	ue(v)
	Yes
	Semantics.

	difference_of_pic_nums_minus1
	ue(v)
	No
	Bounded by MAX_PN value in sequence parameter set. 

	long_term_pic_idx
	ue(v)
	Yes
	Bounded by maximum picture buffer size (16). 

	max_long_term_pic_idx_plus1
	ue(v)
	Yes
	Bounded by maximum picture buffer size (16). 


4.1.4. Prediction Weight Table 

	Field
	Descriptor
	Bounded
	Limit

	luma_log_weight_denom
	ue(v)
	No
	

	chroma_log_weight_denom
	ue(v)
	No
	

	luma_weight_l0[i]
	se(v)
	Yes
	Semantics

	luma_offset_l0[i]
	se(v)
	No
	

	chroma_weight_l0[i][j]
	se(v)
	Yes
	Semantics

	chroma_offset_l0[i][j]
	se(v)
	No
	

	luma_weight_l1[i]
	se(v)
	Yes
	No restrictions in

	luma_offset_l1[i]
	se(v)
	No
	

	chroma_weight_l1[i][j]
	se(v)
	Yes
	Semantics

	chroma_offset_l1[i][j]
	se(v)
	No
	

	num_custom_bipred_weights
	ue(v)
	Yes?
	Is this limited by square of number of maximum number of reference pictures? 

	irp_l0
	xe(v)
	Yes
	Bounded by maximum size of reference picture buffer defined in limits

	irp_l1
	xe(v)
	Yes
	Bounded by maximum size of reference picture buffer defined in limits

	luma_weight_bipred_l0[irp_l0][irp_l1]
	se(v)
	No
	Sum of two weights limited but not individual weights.

	luma_weight_bipred_l1[irp_l0][irp_l1]
	se(v)
	No
	

	luma_offset_bipred[irp_l0][irp_l1]
	se(v)
	No
	

	chroma_weight_bipred_l0[irp_l0][irp_l1][j]
	se(v)
	No
	

	chroma_weight_bipred_l1[irp_l0][irp_l1][j]
	se(v)
	No
	

	chroma_offset_bipred[irp_l0][irp_l1][j]
	se(v)
	No
	


4.2. Limiting Field Values

4.2.1. Slice Header

	Field
	Limit
	Rationale

	frame_num
	216-1
	As discussed in limit for frame number size in sequence parameter set.

	pic_order_cnt
	[0, 232-1]
	32 bits is the maximum accuracy of the picture order count maintained by the decoder. 

	delta_pic_order_cnt
	[-231, 231-1]
	The maximum accuracy of a POC is 32 bits unsigned, delta values of half that range should be sufficient.

	redundant_pic_cnt
	4?
	It is unlikely that more than a "few" redundant pictures would be used.


4.2.2. Reference Picture Reordering

	Field
	Limit
	Rationale

	abs_diff_pic_num_minus1
	Same as bound for frame_number * 2.  
	Depends on the value of MAX_PN = MAX_FN * 2. The proposed limit for MAX_FN is discussed in the section on limits for sequence parameter sets. 


4.2.3. Reference Picture Buffer Management 

	difference_of_pic_nums_minus1
	[-MAX_PN, MAX_PN]  
	Depends on the value of MAX_PN = MAX_FN * 2. The proposed limit for MAX_FN is discussed in the section for limits for sequence parameter sets. 


4.2.4. Prediction Weight Table 

We have briefly examined this syntax and point out that many elements appear to be unbounded by the semantics of these fields. However, the authors are aware that various improvements to this syntax will be proposed in Geneva and therefore have not suggested any limits for these fields pending a discussion of proposed syntax/semantic changes. 

5. Conclusion

We have conducted a detailed review of syntax elements in the high-level to identify potentially problematic elements whose value (and size) can be unbounded. 

At Geneva we propose a two stage discussion:

1. General discussion of right approach for limiting high-level syntax take place based on this contribution; and 

2. Detailed discussion on the appropriate limit values by the experts on each of those areas. 
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