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Abstract
In this contribution, a modulo operation is performed on the decoded IBC block vector, such that after the operation, the reference block indicated by the modified block vector falls into the potentially available reference area (e.g. in current CTU or left CTU), which are the allowed search range for IBC compensation.
It is reported that the proposed modification converts some of the bitstream conformance constraints for IBC into operations in the decoding process. It is asserted to be easier for the encoders to generate compliant bitstreams by using the proposed conversions.
Simulation results reportedly show that no RD performance or runtime impact were observed with the proposed modification. 
Problem Statement
In current VVC specification [1], the allowed reference area for a block coded in IBC mode is the reconstructed part of the current CTU and some parts of the left CTU. However, an IBC block vector may point to anywhere in the current picture. Therefore, a set of bitstream conforming constraints are set up to regulate the range of decoded block vectors.
In this design, any standard compliant encoders shall abey all the bitstream conformance constraints. A large number of such constraints can possibly increase the chance for an encoder to violate the conformance. It would be desirable that some of those constraints can be removed if the decoder knows what to do when it identifies that the constraints are violated.
In particular, the block vector should point to a reference block that locates in either current CTU or the CTU to its left (in CTC case, where CTU size is 128x128). Any block vector that points to outside this range is considered as a violation of the bitstream conformance. In this contribution, these range related encoder bitstream conformance constraints are converted into normative decoder operations.
Proposed method
It is proposed that when a block vector is outside the allowed search range (in CTC case, current CTU and one left CTU), a modulo operation is performed on the block vector, after which the block vector will point to the current CTU. Effectively, the related search range description for IBC block vector (mvL) can be removed.

Simulation results
The proposed method is implemented on top of VTM-5.0. At the encoder side, the same encoder algorithm for IBC is used. When a merge candidate BV is identified to be outside the 2-CTU range, instead of skipping this candidate in the RD check, the proposed modulo operation applies to the candidate. Therefore, some invalid BV candidate may become valid after the modulo operation. The same operation is performed at the decoder side after a block vector is decoded.
It is reported that no RD performance difference was observed. In addition, no apparent runtime change relative to the anchor data was noticed.
Conclusion
In this contribution, a modulo operation is introduced to convert some IBC BV range conformance constraints into decoding process. Effectively the number of bitstream conformance constraints for IBC are reduced. No impact on coding performance was reported. 
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Specification changes (based on N1001-v8)
In 8.6.2.1
……
The top-left location inside the reference block ( xRefTL, yRefTL ) and the bottom-right location inside the reference block ( xRefBR, yRefBR ) are derived as follows:
( xRefTL, yRefTL ) = ( xCb + ( mvL[ 0 ] >> 4 ), yCb + ( mvL[ 1 ] >> 4 ) ) 	(8‑891)
( xRefBR, yRefBR ) = ( xRefTL + cbWidth − 1, yRefTL + cbHeight − 1 ) 	(8‑892)
The top-left location of the current CTU ( xCurrCtuTL, yCurrCtuTL ) and the top-left location of the CTU that the reference block locates in ( xRefCtuTL, yRefCtuTL ) are derived as follows:
( xCurrCtuTL, yCurrCtuTL ) = ( ( xCb >> CtbLog2SizeY ) << CtbLog2SizeY, ( yCb  >> CtbLog2SizeY ) << CtbLog2SizeY )		(8‑889)
( xRefCtuTL, yRefCtuTL ) = ( ( xRefTL >> CtbLog2SizeY ) << CtbLog2SizeY, ( yRefTL >> CtbLog2SizeY ) << CtbLog2SizeY		(8‑889)
The variable numLeftCtus is derived as follows:
numLeftCtus = ( 1 << ( (7 − CtbLog2SizeY ) << 1) ) ) − Min( 1, 7 − CtbLog2SizeY )	(8‑889)
When xRefTL and yRefTL are both greater than or equal to 0, the motion vector mvL is modified as follows:
mvL[ 0 ] = ( xRefTL % CtbSizeY + xCurrCtuTL – xCb – ( (xRefCtuTL < xCurrCtuTL && 
xCurrCtuTL – xRefCtuTL <= numLeftCtus * CtbSizeY ) ? xRefCtuTL – xCurrCtuTL? : 0 ) ) << 4	(8‑889)
mvL[ 1 ] = ( yRefTL % CtbSizeY + yCurrCtuTL – yCb ) << 4	(8‑889)
It is a requirement of bitstream conformance that the luma motion vector mvL shall obey the following constraints:
· The motion vector mvL shall point to a reference block that is available, i.e. for ( xRefTL, yRefTL ) and ( xRefBR, yRefBR ), all of the following conditions shall be true:
· When the derivation process for block availability as specified in clause 6.4.X [Ed. (BB): Neighbouring blocks availability checking process tbd] is invoked with the current luma location ( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring luma location ( xRefTL, yRefTL ) as inputs, the output shall be equal to TRUE.
· When the derivation process for block availability as specified in clause 6.4.X [Ed. (BB): Neighbouring blocks availability checking process tbd] is invoked with the current luma location ( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring luma location ( xRefBR, yRefBR ) as inputs, the output shall be equal to TRUE.
· The motion vector mvL shall point to a reference block that is outside (left and/or above) and not overlapping with the current coding bock, i.e. one or both the following conditions shall be true:
· The value of ( mvL[ 0 ] >> 4 ) + cbWidth is less than or equal to 0.
· The value of ( mvL[ 1 ] >> 4 ) + cbHeight is less than or equal to 0.
· The motion vector mvL shall point to a reference block that is fully contained in the same coding tree block as the current block or fully contained in a block to the left with the same height of the current coding tree block and a width equal to 128 luma samples, i.e. all of the following conditions shall be true:
yRefTL >> CtbLog2SizeY = yCb >> CtbLog2SizeY	(8‑893)
yRefBR >> CtbLog2SizeY = yCb >> CtbLog2SizeY	(8‑894)
xRefTL >> CtbLog2SizeY >= ( xCb >> CtbLog2SizeY ) + Min( 1, 7 − CtbLog2SizeY )	(8‑895)
	− ( 1 << ( (7 − CtbLog2SizeY ) << 1) ) )	
xRefBR >> CtbLog2SizeY <= ( xCb >> CtbLog2SizeY )	(8‑896)
· When the motion vector mvL points to a reference block where the top-left sample is located inside the neighbouring coding tree block to the left, i.e. ( xRefTL ) >> CtbLog2SizeY is equal to ( xCb >> CtbLog2SizeY ) − 1, and CtbSizeY is equal to 128, the motion vector mvL shall not point to a reference block where the top-left sample is located left to or inside the same 64x64 area as the current block but inside the neighbouring coding tree block to the left, i.e. the following conditions shall be true:
· The derivation process for block availability as specified in clause 6.4.X [Ed. (BB): Neighbouring blocks availability checking process tbd] is invoked with the current luma location( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring luma location ( ( xRefTL + 128 ) / 64 * 64, yRefTL / 64 * 64 ) as inputs, and the output shall be equal to FALSE.
· The luma location ( ( xRefTL + 128 ) / 64 * 64, yRefTL / 64 * 64 ) shall not be equal to ( xCb, yCb ).
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