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1. Introduction

In [1], the simplified 8x8 transform previously introduced in [2] has been employed for luminance coding, while the chrominance coding still uses 4x4 transform. In previous meetings, 16-bit IDCT definition and associated quantization have been adopted, and it has been verified for 4x4 transform and its associated quantization [3]. This document discusses the dynamic range for simplified 8x8 transform. The main focus is on the decoding process since at the decoder the IDCT and de-quantization is normative, while results at the encoder side will also be presented. 

2. 8x8 transform dynamic range

When using the simplified 8x8 transform, we have the following forward and inverse transform and quantization/de-quantization processes (specifics on transform and quantization/scaling are referred to [1,2]).  
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Since the transform does not have a single norm and different rows of the transform matrix [1, 2] introduce different increases in dynamic range, we need to consider all the different cases as in designing quantization/de-quantization tables [1]. The analysis follows a similar way that was used to show the dynamic range of ABT transforms [4]. Corresponding to the six cases (i.e., six columns of matrix M in [1]) based on the coefficient positions (i, j), the dynamic range of the outcome of these equations is given in Tables 1-6. Here, it assumes that the input signal X has a dynamic range of 9 bits including sign. Note that variable C is an intermediate result and will not be stored in memory.

Table 1 Dynamic range for case 1: i=[0,4] & j=[0,4] 

	Output
	dynamic of operation
	resulting range [bits]

	X
	-
	9

	A = T( X
	9 + 6 – 3
	12 (12)

	B = A ( TT
	12 + 6 – 3 
	15 (15)

	C = q( B
	15 + 13.7
	28.7 (29)

	D =  C>>(16+n) 
	28.7 – 16
	12.7 (13)

	E = (D ( r) << n
	12.7 + 4.3
	17 (17)

	F = E ( T
	17 + 3 – 3
	17 (17)

	G = TT ( F
	17 + 3 – 3
	17 (17)

	H = G >> 8
	17 – 8
	9 (9)


Table 2 Dynamic range for case 2: i=[1,3,5,7] & j=[1,3,5,7] 

	Output
	dynamic of operation
	resulting range [bits]

	X
	-
	9

	A = T( X
	9 + 6 – 3
	12 (12)

	B = A ( TT
	12 + 6 – 3 
	15 (15)

	C = q( B
	15 + 13.5
	28.5 (29)

	D =  C>>(16+n) 
	28.5 – 16
	12.5 (13)

	E = (D ( r) << n
	12.5 + 4.1
	16.6 (17)

	F = E ( T
	16.6 + 3.2 – 3
	16.8 (17)

	G = TT ( F
	16.8 + 3.2 – 3
	17 (17)

	H = G >> 8
	17 – 8
	9 (9)


Table 3 Dynamic range for case 3: i=[2,6] & j=[2,6] 

	Output
	Dynamic of operation
	resulting range [bits]

	X
	-
	9

	A = T( X
	9 + 5.6 – 3
	11.6 (12)

	B = A ( TT
	11.6 + 5.6 – 3 
	14.2 (15)

	C = q( B
	14.2 + 14.4
	28.6 (29)

	D =  C>>(16+n) 
	28.6 – 16
	12.6 (13)

	E = (D ( r) << n
	12.6 + 5
	17.6 (18)

	F = E ( T
	17.6 + 2.7 – 3
	17.3 (18)

	G = TT ( F
	17.3 + 2.7 – 3
	17 (17)

	H = G >> 8
	17 – 8
	9 (9)


Table 4 Dynamic range for case 4: (i=[0,4] & j=[1,3,5,7]) || (i=[1,3,5,7] & j=[0,4]) 

	Output
	Dynamic of operation
	resulting range [bits]

	X
	-
	9

	A = T( X
	9 + 6 – 3
	12 (12)

	B = A ( TT
	12 + 6 – 3 
	15 (15)

	C = q( B
	15 + 13.6
	28.6 (29)

	D =  C>>(16+n) 
	28.6 – 16
	12.6 (13)

	E = (D ( r) << n
	12.6 + 4.2
	16.8 (17)

	F = E ( T
	16.8 + 3 – 3
	16.8 (17)

	G = TT ( F
	16.8 + 3.2 – 3
	17 (17)

	H = G >> 8
	17 – 8
	9 (9)


Table 5 Dynamic range for case 5: (i=[0,4] & j=[2,6]) || (i=[2,6] & j=[0,4]) 

	Output
	Dynamic of operation
	resulting range [bits]

	X
	-
	9

	A = T( X
	9 + 6 – 3
	12 (12)

	B = A ( TT
	12 + 5.6 – 3 
	14.6 (15)

	C = q( B
	14.6 + 14.0
	28.6 (29)

	D =  C>>(16+n) 
	28.6 – 16
	12.6 (13)

	E = (D ( r) << n
	12.6 + 4.7
	17.3 (18)

	F = E ( T
	17.3 + 3 – 3
	17.3 (18)

	G = TT ( F
	17.3 + 2.7 – 3
	17 (17)

	H = G >> 8
	17 – 8
	9 (9)


Table 6 Dynamic range for case 6: (i=[2,6] & j=[1,3,5,7]) || (i=[1,3,5,7] & j=[2,6]) 

	Output
	dynamic of operation
	resulting range [bits]

	X
	-
	9

	A = T( X
	9 + 6 – 3
	12 (12)

	B = A ( TT
	12 + 5.6 – 3 
	14.6 (15)

	C = q( B
	14.6 + 13.9
	28.5 (29)

	D =  C>>(16+n) 
	28.5 – 16
	12.5 (13)

	E = (D ( r) << n
	12.5 + 4.6
	17.1 (18)

	F = E ( T
	17.1 + 3.2 – 3
	17.3 (18)

	G = TT ( F
	17.3 + 2.7 – 3
	17 (17)

	H = G >> 8
	17 – 8
	9 (9)


3. Discussion

Based on the above analysis, the maximum dynamic range is 18 bits at the decoder side. In order to ensure 16-bit memory access, the associated de-quantization shall have an additional 2-bit right-shit prior to inverse transform and this can be compensated by reducing the final shift of G from 8 bits to 6 bits. This will introduce loss of precision in integer calculation; however, variable E shall have enough precision even after a right-shift of 2 bits. Otherwise, saturation process (as previously in MPEG-2 and MPEG-4 Part 2) needs to be in place to avoid the problem at decoder side. On the other hand, in Professional Extension Profile, the 16-bit restriction might be relaxed especially for input that is more that 8 bits. 
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