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The maximum allowable coefficient level allowed in H.264 has been an issue [1].  The goal of this paper is to determine a bound on the level allowed in H.264 based on the document text.  Two types of constraints limit the level, entropy coding space and inverse transform dynamic range.  Options for modifying the dynamic range constraint are given in [2] item 22.  The entropy coding space is limited when using CAVLC by the set of allowed codewords.  Such a limit is not available when CABAC is used.  We use the dynamic range constraints on the inverse transform calculations to determine a bound on the level in H.264.  This bound can be used in the design of a CABAC decoder.  
CAVLC code space

The code space available for signaling level values is restricted in the CAVLC design.  A simple bound on the code space can be determined by noting that for the non-escape codewords, the maximum suffix length is 6 bits and in the escape case the suffix has 12 bits.  The non-escape codewords have a space at most 15*26=960.  The code space for the escape code has 212=4096 elements. The CAVLC code space has at most 960+4096=5056 elements.  Levels are signed thus the maximum level absolute value is 2528.  Note this bound is not exact, depending upon the context, the code space may be smaller thus an encoder may need to limit its output more than implied by this simple bound.
Dynamic range constraints.
We use the dynamic range constraints imposed immediately after dequantization to determine a bound on the levels.  Additional dynamic range constraints may be used to decrease this bound however analysis is quite complicated since these constraints apply to sums of levels.  The decrease is expected to be small if any and the effort is not justified.  In this analysis we do not address SP/SI frames though similar analysis can be done and the conclusions are expected to be similar.

There are three dynamic range constraints of interest:

· Luma Intra_16x16 DC 8-255 & 8-256

· Chroma DC 8-258 & 8-259

· Remaining coefficients 8-265
Each is analyzed below to determine a bound on the dynamic range of level.

Luma Intra_16x16

Observe that the largest dynamic range is allowed in 8-256 with QPY zero, largest left shift before constraint and smallest coefficient i.e. 10.  In this case, the dynamic range constraint on the values fij (NOT the levels!!!) becomes: 
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.  It can be shown that a bound on fij implies the same bound on the coefficient levels cij. With a chain of analysis we can determine bounds on the values of fij.
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Chroma DC
Observe that the largest dynamic range is allowed in 8-259 with QPC zero.  In this case, the dynamic range constraint on the values fij (NOT the levels!!!) becomes: 
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.  It can be shown that a bound on fij implies the same bound on the coefficient levels cij.  With a chain of analysis we can determine bounds on the values of fij.
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Remaining Coefficients
Observe that the largest dynamic range is allowed in 8-265 with qp zero.  In this case, the dynamic range constraint on the values cij (the levels in this case) becomes: 
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.  With a chain of analysis we can determine bounds on the values of cij.
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A proposal in JVT-I050, item 22 option 2 tightens the limit on dynamic range of the second level transform coefficients.  With this proposal the analysis above is modified to:

Luma Intra_16x16

Observe that the largest dynamic range is allowed in 8-256 with option 2 still occurs with QPY zero, largest left shift before constraint and smallest coefficient i.e. 10.  In this case, the dynamic range constraint on the values fij (NOT the levels!!!) becomes: 
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.  It can be shown that a bound on fij implies the same bound on the coefficient levels cij. With a chain of analysis we can determine bounds on the values of fij.  This is the same bound as in the third case above
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Chroma DC
Observe that the largest dynamic range is allowed in 8-259 with option 2 still occurs with QPC zero.  In this case, the dynamic range constraint on the values fij (NOT the levels!!!) becomes: 
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.  It can be shown that a bound on fij implies the same bound on the coefficient levels cij.  With a chain of analysis we can determine bounds on the values of fij.  The same bound as above
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Conclusions:
We summarize the limits on levels implied by CAVLC code space and dynamic range constraints corresponding to options 1) and  2) of item 22 of [2].
Table 1 Summary of constraint limits

	Constraint
	|level| limit option 1)
	|level| limit option 2)

	CAVLC
	2528
	2528

	Luma DC intra 16x16
	26214
	6553

	Chroma DC 
	13107
	6553

	Other Levels
	6553
	6553


Implications:
The limits presented above have implications for both encoders and decoders.

The encoder must limit its output to meet the CAVLC code space and to meet the dynamic range constraints.  Fine values of QP will result in “normal” encoding exceeding the CAVLC code space for some input signals.  In such cases, the options are: increase the quantization parameter (reducing fidelity), or using PCM mode.
The decoder must accept any data in the allowed range.  There are two issues entropy decoding and dequantization.  For CAVLC the range of codeword support is implicit and the subsequent constraints will be satisfied for “normal” encoding.  For CABAC, option 1) requires the ability to decode a level as large as 26214 while with option 2) the largest level is 6553.  Additionally, option 1) requires small additional effort to do the dequantization [3] if limited to 16-bit intermediates at all points.
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