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to review and take action, as required, on No. 5.134 and related Resolutions 517 (Rev.WRC-97) and 537 (WRC-97) and Recommendations 515 (Rev.WRC-97), 517 (HFBC-87), 519 (WARC-92) and Appendix 11, in the light of the studies and actions set out therein, having particular regard to the advancement of new modulation techniques, including digital techniques, capable of providing an optimum balance between sound quality, bandwidth and circuit reliability in the use of the HF bands allocated to the broadcasting service

For the introduction of digital modulation in the HF broadcasting services, a Recommendation specifying RF protection ratios for digital emission should be established in which RF protection ratios should be expressed in absolute values to serve practical purposes of compatibility analysis. In order to protect existing analogue services from digital emission, an appropriate AF protection ratio should be determined based on the required audio quality-grade. Therefore, the Administration of Japan supports the Asia-Pacific Common Proposal ASP/25/17 contained in Addendum 2 to Document CMR03/25. The proposed new Recommendation is reproduced below and supplemented with detailed technical explanations.
ADD
J/58A1/1

DRAFT  RECOMMENDATION  [YYY]  (WRC-03)

RF protection ratios associated with digitally modulated emissions in the 
HF bands allocated exclusively to the broadcasting service

The World Radiocommunication Conference (Geneva, 2003),

considering

a)
that this Conference has resolved to encourage the introduction of digitally modulated emissions in the high-frequency broadcast bands allocated exclusively to the broadcasting service;

b)
that the current use of the spectrum is based on the use of double-sideband (DSB) emissions;

c)
that RF co-channel and adjacent channel protection ratios are among the fundamental parameters when determining compatibility;

d)
that this Conference has adopted [Resolution 517 (Rev.WRC-03)] relating to the introduction of digitally modulated emissions in the HF bands allocated exclusively to the broadcasting service;

e)
that [Part C of Appendix 11] contains digital system specifications that refer to this Recommendation for matters dealing with appropriate protection ratios,

recommends

that in the application of Article 12, the protection ratios specified in the Annex to this Recommendation be used for all those cases where digitally modulated emissions operate in the same bands as double-sideband analogue emissions.

Annex  to  DRAFT  Recommendation  [YYY]  (WRC-03)

RF protection ratio values

1
In accordance with Resolution 517 (Rev.WRC-03) digital modulation may be used in any of the HF bands allocated exclusively to the broadcasting service. This accommodation has to be made with the appropriate amounts of protection given to both analogue and digital emissions. RF protection ratios are part of the overall regulation of these emissions. Their values appear in the table in this Annex. The RF protection ratios are based on the relative protection ratios given in the draft new Recommendation ITU-R BS.[Doc. 6/324(Rev.1)].
2
The table consists of RF protection ratios for co-channel and adjacent channel conditions. The independent variable in the table is the centre frequency separation in kHz of any pair of emissions, wanted vs. unwanted. The table provides the required RF protection ratios for digital emissions in 10 kHz channels. The ratio data are in decibels.

3
The digital modulation governing these protection ratios is that which appears in summary in [Part C of Appendix 11] and the analogue modulation is double-sideband modulation as summarized in Part A of the same Appendix.
Table 1 provides absolute RF protection ratio values associated with digitally modulated emissions in the relevant bands. For the case of AM interfered with by Digital, the RF protection ratio values have been derived by summation of:

–
the respective relative RF protection ratios in the draft new Recommendation ITU‑R BS.[Doc. 6/324(Rev.1)];
–
the audio frequency protection ratio for an impairment quality-grade of 3; and 
–
the relevant correction factor for a modulation depth of 30%.
Correction values of RF protection ratios are provided for different AM modulation depths and for different AM quality-grade.

4
For the cases of Digital interfered with by AM and Digital interfered with by Digital, correction values of RF protection ratios in Table 1 are provided for different digital modulation schemes and modes in Table 2.

Table 1

RF protection ratios (dB) associated with digitally modulated emissions
in the HF bands allocated exclusively to the broadcasting service
	Wanted 
signal
	Unwanted signal
	Frequency separation
funwanted – fwanted (kHz)

	
	
	–20
	–15
	–10
	–5
	0
	5
	10
	15
	20

	AM
	Digital
	–22
	–17
	–7
	28
	31
	28
	–7
	–17
	–22

	Digital
	AM
	–47
	–41
	–33
	4
	7
	4
	–33
	–41
	–47

	Digital
	Digital
	–37
	–31
	–22
	13
	16
	13
	–22
	–31
	–37

	Wanted AM vs. unwanted Digital:
	The values in the Table are for double-sideband AM signal, 30% modulation.

For other modulation depths, correction values shall be added as:

	
	
	Modulation depth (%)
	30
	38
	53
	m
	1

	
	
	Correction value (dB)
	0
	–2
	–5
	20 log (30/m)
	

	
	The values in the Table are for audio frequency protection ratio of 20 dB for quality-grade 3 (in 5‑grade impairment scale defined in Recommendation ITU-R BS.562).

For other quality-grades, correction values shall be added as:

	
	
	Audio quality-grade
	3
	3.5
	4
	1

	
	
	Correction value (dB)
	0
	7
	12
	

	
	1 Example: For the case of modulation depth = 53% and audio quality-grade = 4, a correction factor of 7 dB (= –5 + 12) shall be added to the RF protection ratio values in the Table.

	Wanted Digital vs. unwanted AM or Digital:
	The values in the Table are for Digital signal with 10 kHz nominal bandwidth, 64-QAM, protection level No. 1, robustness mode B, spectrum occupancy type 3.
Signal‑to‑interference ratio for a BER of 10–4 is 7 dB for Digital interfered with by AM and 16 dB for Digital interfered with by Digital.

For other combinations of digital modulation scheme, protection level and robustness mode in respect of wanted Digital signal, correction values as in Table 2 shall be added.


Table 2

Correction values (dB) in Table 1 to be used for other combinations of 
digital modulation scheme, protection level No. and robustness mode 
in respect of wanted digital signal
	Modulation scheme
	Protection level No.
	Robustness mode

	
	
	B
	C
	D

	16-QAM
	0
	–7
	–6
	–6

	
	1
	–5
	–4
	–4

	64-QAM
	0
	–1
	–1
	0

	
	1
	0
	0
	1

	10 kHz nominal bandwidth.
Protection level Nos. 2 and 3 and robustness mode A are not recommended for use in HF and therefore not described here.


Reasons:
To stipulate parameters for protection of the analogue broadcasting service in the bands between 5 900 kHz and 26 100 kHz. 

1)
RF protection ratios should be expressed in absolute values to serve practical purposes. Therefore, by providing with required AF protection ratio for wanted AM signal and required signal to interference ratio for wanted Digital signal, the RF protection ratios are described in absolute values.

2)
RF protection ratios for wanted AM signal depend on AM modulation depth. Therefore, correction values of RF protection ratios for different AM modulations depths are provided.

3)
RF protection ratios for wanted Digital signal depend on digital modulation scheme and mode. Therefore, correction values of RF protection ratios for different digital modulation schemes and modes are provided.

Detailed technical evidence of the proposed AF protection ratio for wanted AM signal and the proposed correction values of RF protection ratios for different AM modulation depths are provided in the Attachment.
ATTACHMENT

Technical study on the required AF protection ratio for wanted AM signal and correction values of RF protection ratios for different AM modulation depths
1
Introduction

Draft new Recommendation ITU-R BS.[Doc. 6/324(Rev.1)] dealing with planning parameters for digital sound broadcasting at frequencies below 30 MHz has been produced. This DNR specifies relative RF protection ratios for AM interfered with by Digital, Digital interfered with by AM and Digital interfered with by Digital. The example of Recommendation [YYY] in the CPM Report is based on the DNR. Table 1 shows relative RF protection ratios for AM interfered with by Digital specified in the DNR. The “relative” means “relative to AF protection ratio”, which has not been determined yet.

Table 1
Relative RF protection ratios (dB) between broadcasting systems below 30 MHz AM 
interfered with by Digital (extracts from DNR ITU-R BS.[Doc. 6/324(Rev.1)])

	Wanted signal
	Unwanted signal
	Frequency separation
funwanted – fwanted (kHz)
	Parameters

	
	
	
	BDRM
(kHz)
	AAF
(dB)

	
	
	–20
	–15
	–10
	–5
	0
	5
	10
	15
	20
	
	

	AM
	Digital_B3
	–47.2
	–41.9
	–32.0
	3.0
	6.0
	3.0
	–32.0
	–41.9
	–47.2
	10
	-

	AM
	Digital_C3
	–47.5
	–42.2
	–32.6
	3.1
	6.1
	3.1
	–32.6
	–42.2
	–47.5
	10
	-

	AM
	Digital_D3
	–47.4
	–42.2
	–32.4
	3.1
	6.1
	3.1
	–32.4
	–42.2
	–47.4
	10
	-

	AM:
	Double-sideband AM signal, 53% modulation (25% modulation plus high-compression)

	Digital_B3:
	Digital signal, robustness mode B, spectrum occupancy type 3

	Digital_C3:
	Digital signal, robustness mode C, spectrum occupancy type 3

	Digital_D3:
	Digital signal, robustness mode D, spectrum occupancy type 3

	BDRM:
	Nominal bandwidth of DRM signal

	AAF:
	Audio frequency protection ratio

	The RF protection ratio can be calculated by adding a suitable value for the AF protection ratio according to a given planning scenario to the values in this Table.
The values presented in this Table refer to the specific case of high AM compression. In order to offer adequate protection to AM signals with normal levels of compression, each value in the Table should be increased to accommodate the difference between normal and high compression.


Figure 1 explains the relationship between RF protection ratios expressed in absolute value, relative RF protection ratios as in DNR, and AF protection ratio, for the case of AM interfered with by Digital. There are two major issues that need to be resolved:
–
RF protection ratios expressed in absolute values are essential for practical applications of compatibility analysis. In the DNR and the CPM Report, however, only relative RF protection ratios to the AF protection ratio are specified for AM interfered with by Digital. In order to obtain RF protection ratios in absolute values, an appropriate AF protection ratio has to be determined for required AM audio quality.

–
The relative RF protection ratio depends on the AM modulation depth. In the DNR and the CPM Report, AM modulation depth of 53% (25% plus high compression) is used to determine the relative RF protection ratios and the necessity of correcting the RF protection ratio values is indicated to accommodate the difference between normal and high compression. Appropriate correction values have to be determined for different AM modulation depths.

Figure 1

Relationship between RF protection ratio, relative RF protection ratio
and AF protection ratio for the case of AM interfered with by Digital
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2
AF protection ratio for AM interfered with by Digital

Generally, subjective sound quality depends on the characteristics of interfering signals. This means that required AF protection ratios to obtain the same sound quality are different depending on the type of unwanted signals, namely AM or Digital.

In Fig. 2, solid line shows the relation between the AF protection ratio and the subjective sound quality in five-grade quality scale for AM interfered with by AM, according to the Report of HFBC-84. It is found that the AF protection ratio of 17 dB adopted by WARC HFBC-87 corresponds to the quality grade 3.
When the interfering signal is digital, which employs OFDM, its interference characteristics are similar to random noise. Therefore, for the determination of the AF protection ratio for AM interfered with by Digital, the relation between AF signal-to-noise ratio (AF S/N) and the subjective sound quality may be used. In Fig. 2, broken line shows the relation between AF S/N and the subjective sound quality for the AM reception, according to CCIR Report 1058. In order to obtain the same quality grade 3 as AM interfered with by AM, AF S/N of 20 dB is required. It should also be noted that WARC HFBC-87 adopted a value of 24 dB for AF S/N (unweighted) to determine the minimum usable field strength for planning purposes.

In order to ensure that the newly introduced digital emissions will not cause more interference to the analogue reception than the existing planning condition, the AF protection ratio of 20 dB at the minimum for HF is required in the case of AM interfered with by Digital.
Figure 2

AF protection ratio/AF signal-to-noise ratio versus quality grade of AM reception
(References: Report of HFBC-84 and CCIR Report 1058)
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Table 2

Summary of studies on the required AF S/N for AM against noise or OFDM signal

	AF S/N (dB)
	Description
	Reference

	20
	Quality grade 3 against noise
	CCIR 
Report 1058

	24
	Unweighted, for the determination of the minimum usable field strength
	HFBC-87


3
AM modulation depth

The relation between the AF protection ratio and the RF protection ratio for AM interfered with by Digital depends on the AM modulation depth. The RF protection ratio values in the DNR are based on the condition of 53% modulation (25% modulation plus high compression), although the existing HFBC planning assumes 30% modulation. A preliminary measurement of modulation depth in real HF broadcasting programmes indicates an average modulation of 36% with a standard deviation of 8%.
For AM as the wanted signals, X% modulation requires 20 log(53/X) dB higher RF protection ratios than 53% modulation. In order to offer adequate protection to AM signals, the correction values shown in Table 3 should be specified.
Table 3

Correction values to be used for different modulation depth
	Modulation depth (%)
	30
	38
	53

	Correction value (dB)
	5
	3
	0


5
Proposal of RF protection ratios expressed in absolute values
1)
AM interfered with by Digital
Modulation depth correction factor of 5 dB for 30% AM modulation is added to the relative values in the DNR. AF protection ratio of 20 dB for audio quality grade 3 is added to the relative values in order to obtain RF protection ratio in absolute values. Correction values for different AM modulation depths and quality-grades are included. As the RF protection ratios for AM interfered with by Digital depend little on the digital modulation schemes, a common set of the RF protection ratios is specified irrespective of the digital modulation schemes.
2)
Digital interfered with by AM
A specific DRM mode (64-QAM, protection level No. 1, robustness mode B, spectrum occupancy type 3) is shown as a representative for HF use. In order to express RF protection ratios in absolute values, the required S/I of 7 dB for BER of 10(4 is added to the relative values in the DNR. For other digital modulation modes, a separate table is prepared to offer correction values.

3)
Digital interfered with by Digital
A specific DRM mode (64-QAM, protection level No. 1, robustness mode B, spectrum occupancy type 3) is shown as a representative for HF use. In order to express RF protection ratios in absolute values, the required S/I of 16 dB for BER of 10–4 is added to the relative values in the DNR. For other digital modulation modes, a separate table is prepared to offer correction values.

____________
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