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Proposed modification to the IEEE Std 802.22TM- 2011
Inclusion of a new sub-clause 9.8.3
At the end of sub-clause 9.8.1, the modulation dependent normalization factor KMOD is introduced to scale the amplitude of the frequency carriers for equivalent power for the QPSK, 16-QAM and 64-QAM modulations used for data transmission. Unfortunately, these scaling factors are introducing irrational numbers that are difficult to represent by simple binary coded values. In order to avoid the excessive number of bits that would be required in practice to approximate these irrational numbers and the likelihood of systemic errors that would result due to different approximations used by different manufacturers in their implementation, there is a need to specify simpler normalization factors corresponding to simpler integer number ratios for the various modulations and boosting levels.

Also, this KMOD is also specified in sub-clause 9.8.2 as being equal to 1 for the BPSK modulation of the pilot carriers.

Furthermore, in order to keep a consistent power transmission across all types of symbols, including the training symbols, the amplitude of the carriers in the LTS and the STS symbols need to be specified. Since one carrier over 4 will be used in the STS symbol, each carrier can be 4 times as powerful as the un-boosted data carrier.  Its amplitude therefore needs to be boosted by a factor of 6 dB, i.e., 2 in the simpler rational voltage ratio proposed for Table 26 in another contribution. Similarly, since one carrier over 2 will be used in the LTS symbol, each carrier can be 2 times as powerful as the un-boosted data carrier. In this case, its amplitude needs to be boosted by a factor of 3 dB, i.e., 3/2 in the simpler rational voltage ratio.

It is felt that a new Table is needed to summarize all these normalization factors for the frequency carrier amplitude. It is therefore proposed to add a new sub-clause 9.8.3 following the current sub-clause 9.8.2 to explain this rationalization of the carrier amplitude normalization factors for all different modulation constellations and boosting levels used in the IEEE Std. 802.22TM-2011 and to insert a Table that proposes simple values for these normalization factors based on rational numbers.
The following new sub-clause 9.8.3 should be inserted following the current sub-clause 9.8.2 of the Standard:

9.8.3
Normalized carrier amplitude levels

The carrier amplitude scaling factors specified for various modulations (9.8.1) and boosting levels (7.7.2.1) result in many cases in irrational numbers that are difficult to represent by simple binary coded values. In order to avoid the excessive number of bits that would be required in practice to approximate these irrational numbers and the likelihood of systemic errors that would result due to different approximations used by different manufacturers in their implementation, specific normalized values are given in Table 228 to simplify the coding of these carrier amplitudes and avoid any such systemic errors.
Table 228 — Normalized carrier amplitude values for all modulation and boosting levels used in the Standard
	BOOSTING
	BPSK

STS
	BPSK

LTS
	BPSK

Pilots
	QPSK

Data
	16-QAM

Data
	64-QAM

Data

	1 1 1
	3
	---
	---
	---
	162
	72
	216
	36
	108
	180
	252

	1 1 0
	2
	---
	---
	---
	108
	48
	144
	24
	72
	120
	168

	1 0 1
	3/2
	---
	---
	---
	81
	36
	108
	18
	54
	90
	126

	1 0 0
	1
	156
	117
	78
	54
	24
	72
	12
	36
	60
	84

	0 1 1
	2/3
	---
	---
	---
	36
	16
	48
	8
	24
	40
	56

	0 1 0
	1/2
	---
	---
	---
	27
	12
	36
	6
	18
	30
	42

	0 0 1
	1/3
	---
	---
	---
	18
	8
	24
	4
	12
	20
	28

	0 0 0
	0
	---
	---
	---
	0
	0
	0
	0
	0
	0
	0


Renumber the following Tables accordingly.
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Abstract


In our work to create test vectors and testing an implementation for compliance to the base 802.22 standard, it was discovered that, unless specific ratios between modulation levels based on simple integer numbers are included in the Standard, the equipment manufacturers will need to use a large number of encoding bits for the amplitude levels currently specified for the transmitted carriers to sufficiently approach the values of the irrational numbers resulting from the scaling factors specified in Table 226 and the boosting levels specified in Table 26. It is proposed to include a new sub-clause containing a Table of normalization factors corresponding to simpler integer number ratios for the various modulations and boosting levels to allow for a reduction of the number of bits required while avoiding the presence of systemic noise levels that would be induced by the use of different levels approaching the theoretical values as currently specified in sub-clauses 7.7.2.1 and 9.8.1 of the IEEE Std. 802.22TM-2011.
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