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HD-Radio – A Digital Successor of FM 
in Band II?
Summary 

The basic differences of frequency management in FM broadcasting (Band II) between USA and Europe are shown. In consequence, an implementation of HD-Radio in the USA seems to be a lot easier than in Europe. For clarification, examples are added.

1
Introduction
For years there is an attempt to replace the aged but heavily used analogue FM transmission system. Some interested parties want to accomplish this by using T-DAB(+), T-DMB, DVB-T and other terrestrial broadcasting systems in another frequency band (e.g. broadcasting band III), others prefer to develop new transmission systems in the same band, i.e. broadcasting Band II, in terms of DRM+, FM-eXtra and HD-Radio. The difficulties of these systems in Band II are mainly linked to enabling a reception at least as good as analogue FM but keep additional interferences to the existing FM coverage as low as possible. This objective seems to be not a problem if a system like T-DAB, DVB-T, DVB-H is chosen in Band III, but on the other hand there is no willingness to switch-off analogue FM for a long time. In the first place, this is due to the millions of analogue FM receivers in use.

Instead of switching from analogue to digital HD-Radio promises a slow migration to a digital system. In a first step, the existing analogue FM system can be extended by two digital sidebands (“hybrid mode”) and in a second step, when all or nearly all listeners use digital HD-Radio receivers, analogue FM can be switched off, to enable a full digital HD-Radio transmission. 
In the following text only the “hybrid mode” of HD-radio is considered as it is currently introduced in the USA. Today every FM station in the USA is allowed by the Federal Communications Commission (FCC) to transmit additional HD-Radio sidebands. In contrast to the USA this does not seem to that easy in Germany. At a first glance, the FM band does not seem to be that different between USA and Europe, besides the different channel spacing. So, where are the real differences and why is a country wide transmission of HD-Radio no problem in the USA, but in Europe?
2
Frequency Planning in Europe

The Regional Agreement GE84 gives all the rules for frequency planning in ITU region 1, including Europe. Most important technical parameters are the minimum usable field strength of 54 dBµV/m (for stereo reception), the protection ratios (identical to ITU-R BS.412-9), a directional receiving antenna and the coordination procedures for insertion or modification of transmitters into the Plan. A detailed description is set aside and can be found elsewhere or in the Agreement itself. Usually the propagation prediction is carried out with the help of ITU-R P.370 which is appropriate in flat or slight hilly areas. In mountainous areas, e.g. between the Czech Republic and Germany or in the Austrian and Swiss Alps, it is agreed to use path general propagation prediction models. Thus, the same frequency can be reused in a much smaller distance than otherwise.
3
Differences between Frequency Planning in the USA and in Europe

Every FM transmitter in the USA fits into a system of different station classes. Depending on its class there are some restrictions like ERP, antenna height and transmitter site by keeping minimum distances to other transmitter sites on co- and adjacent channels. Unlike to Europe adjacent channels up to ±600 kHz and additionally ±10.6 and ±10.8 MHz are considered (in Europe only up to ±400 kHz). This planning methodology, called “minimum distance separation” which is used in the “non-reserved band” (92 to 108 MHz) leads to relatively high distances between the transmitters, as will be shown later.
In the “reserved band” (88 to 92 MHz) a different planning methodology is applied, called “contour protection for short-spaced assignments” which results in smaller reuse distances than in the “non-reserved band”. 
3.1
Contour Protection for Short-Spaced Assignments
Every transmitter site has its protected contour depending on the station class of 54, 57 or 60 dBµV/m respectively. Both the wanted and of the unwanted transmitter are calculated by a path general model [3: §73.333] which is comparable to ITU-R P.370. The field strength of the wanted transmitter is, like in Europe, calculated for 50% of time whereas the field strength of the unwanted transmitter is calculated for 10% of time (in Europe 50% and 1% of time is used). Path specific models are not used for planning purposes in the USA.
The field strengths are calculated by the use of “heights above average terrain” in different angular directions which are very similar to the European “effective heights” as defined in GE84 and ITU-R P.370. Depending on their frequency difference the interfering contours of the new transmitter and the protected contour of every existing transmitter are calculated. The simple rule is that the interfering contour of the new transmitter must not intersect the protected contour of any existing transmitter with frequency differences up to ±600 kHz, ±10.6 and ±10.8 MHz. 

Unlike to Europe there is no summation of the interfering field strengths and there is no directional receiving antenna considered. In European vocabulary one can say that the “protected contour” is protected against interference which complies with the European “minimum usable field strength”.
Using a simple geometrical layout one can easily understand that due to the prohibition of contour intersection large areas between these contours are formed which leads to relatively large distances between the transmitter sites because a touch of two contours is just the worst case. In many areas the field strengths differences are much higher than required. It is this fact that puts into perspective the surprisingly low US protection ratios like 20 dB for only 10% of time for same channel interference (Europe: 45 dB and 37 dB for 50% and 1% of time respectively). 
These US protection ratios can be derived from the rules given in [3]. They read 20 dB for co-channel interference, 6 dB for 200 kHz adjacent channel and -40 dB for 400 kHz and 600 kHz adjacent channel. As a rule of thumb these values are about 20 dB lower than the European values of GE84, but not for the protection ratio for 200 kHz adjacent channel where the values are nearly identical: 6 dB (USA), 7 dB (GE84). This leads to a much better protection of the 200 kHz adjacent channel interference in the USA compared with co-channel and 400 kHz adjacent channel interference.
Furtheron, there is an obvious but essential difference, that in the USA only 200 kHz channel spacing is used (Europe 100 kHz). Therefore, in contrast to Europe, in the USA 300 kHz and, most important, 100 kHz adjacent channel interference does not exist. Table 1 summarizes the main differences between USA and Europe in terms of planning methodology in the FM band.
	USA
	Europa

	Frequency range: 20 MHz from 88 to 108 MHz 
	Frequency range: 20,5 MHz from 87,5 to 108 MHz

	Channel spacing: 200 kHz
	Channel spacing: 100 kHz

	Number of channels: 100
	Number of channels: 204

	Transmitters are classified into station classes depending on ERP and average height above average terrain (HAAT):
0,1kW / 6kW / 25kW / 50kW / 100kW
	No station classes and no limits in effective heights and ERP. In practice ERP ranges from lower than 1 W to over 100 kW.

	Transmitters with higher HAAT than allowed by their station class must reduce their ERP accordingly [FCC: §73.211]
	No limitation.

	Licensed ERP must be radiated effectively at 90% minimum. [FCC: §73.1560]
	Coordinated, licensed and effective radiated power / antenna patterns may differ.

	Translator and booster transmitters restricted to 250 W ERP.
	No limitation.

	Minimum usable field strength (protected contour) of 54, 57 or 60dBµV/m respectively depending on the station class.
	Minimum usable field strength of 54 dBµV/m.

	Protection against interference at the minimum usable field strength contour (= protected contour).
	Protection of the coverage area (which lies inside of the minimum usable field strength contour).

	Calculation of the interfering field strength at 10% of time.
	Calculation of the interfering field strength at 50% and 1% of time.

	ADD / MOD of a transmitter:
Non-reserved band: Minimum distance separation according to the station class.
Reserved band: Intersection of the interfering contours and the protected contour of the interfered transmitter is prohibited (contour protection for short-spaced assignments).
	ADD / MOD of a transmitter: 
an increase of up to 0.5 dB of the usable field strength inside the coverage area is allowed.

	Topographic conditions are not considered.
	Topographic conditions may be considered.

	Evaluation of interference by calculation of distances to each adjacent transmitter site separately.
	Evaluation of interference by summation of all interfering field strengths by the concept of the usable field strength.

	Transmitters to be protected with frequency differences from 0 up to ±600 kHz, ±10.6 and ±10.8 MHz in the vicinity.
	All transmitters of the plan with frequency differences from 0 up to ±400 kHz are protected.

	Only translators (max. 250 W ERP) are allowed to operate ±400 kHz inside a protected contour of another station.
	No difference is made between transmitters and translators.

	Protection of TV-channel 6 below 88 MHz.
	No frequency coordination with services below band II.

	A non-directional receiving antenna is assumed.
	A directional receiving antenna with 12 dB front-to-back ratio and around 6 dBd gain is assumed.


Table 1:
The most important differences between the frequency planning in Band II in the USA and in Europe.
3.2
Minimum Distance Separation
In the “non-reserved band” (88,1 to 107,9 MHz) a very simple calculation of distances between the transmitter sites is done depending on the maximum permitted values of the appropriate station class. For example two class C stations (100 kW ERP / 600 m HAAT) have to keep 290 km minimum separation. In reality these distances are mostly higher than just the minimum. In comparison the co-channel reuse distance in the GE84 lattice is 240 km (e.g. the separation between the two comparable German transmitters Gruenten 106.9 MHz and Brotjacklriegel 106.9 MHz, both having 100 kW ERP, is nearly 240 km). The real reuse distances are often smaller.
The main differences in frequency planning are shown in Table 1 in the previous section. In conclusion these differences lead to a much higher density of spectrum usage in Europe than in the US. For example in Europe it is quite common to use a frequency 500 kHz apart inside the service area of another transmitter. In the USA a minimum separation of 800 kHz is necessary.
To demonstrate these differences an example is given. The example is to give an answer to the question “What would be the consequences if the even more dense US short spaced planning rules are also used in Europe?” The typical high power transmitter Pfaffenberg 106.4 MHz is chosen (25 kW ERP, 238 m average height above average terrain). Its coverage area contains both hilly and flat terrain, situated in the east of the Frankfurt area in the hilly region of the Spessart. For every transmitter in the geographical vicinity to Pfaffenberg having a spectral distance up to ±600 kHz with regard to 106.4 MHz an interfering contour is drawn. According to the short spaced planning rules these contours must not intersect the 60 dBµV/m protected contour of Pfaffenberg 106.4 MHz. The interfering contours are 40 dBµV/m for co-channel interference, 54 dBµV/m for ±200 kHz adjacent channel and 100 dBµV/m for both ±400 and ±600 kHz adjacent channel [3: §73.215]. Since in the USA values for ±100 kHz (), ±300 kHz () and ±500 kHz do not exist they have been interpolated leading to values of 46 dBµV/m, 78 dBµV/m and 100 dBµV/m, respectively.
In Figure 1b the transmitters of the original plan GE84 are shown. Compatible contours are green, others are red. One can easily see that there are numerous incompatible constellations:
· 100 kHz adjacent transmitter sites: Hornisgrinde 106.5 MHz, Bad Marienberg 106.3 MHz.

· 200 kHz adjacent transmitter sites: Waldenburg 106.6 MHz, Wasserkuppe 106.2 MHz.

· 500 kHz adjacent transmitter site: Grosser Feldberg 105.9 MHz.

· 600 kHz adjacent transmitter site: Wuerzberg 107.0 MHz.

Both 100 kHz and 500 kHz interference do not occur in the USA because of the 200 kHz channel spacing. In order to make these transmitters compatible with US rules they would need to be changed at least to the next 200 kHz channel. This example shows very clearly that both transmitters Grosser Feldberg 105.9 MHz and Wuerzberg 107.0 MHz never would be compatible to US rules, whereas they would never have to be considered as interferers in Europe. By the way, an increase of Grosser Feldberg from 500 kHz to 600 kHz adjacent channel is no remedy because also a 600 kHz separation is not compatible in the US.
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Figure 1a:
The rules of the US short-spaced planning applied to the German transmitter Pfaffenberg with its 60 dBµV/m protected contour (blue) and the interfering contours of all other transmitters in the vicinity up to ±600 kHz. Compatible contours are green coloured, incompatible are shown in red.
Figure 1a shows the situation after several changes of the original Plan G84. Several new transmitters have been introduced which according to US rules are incompatible:

· 100 kHz adjacent channel: Heidelberg West 106.5 MHz.

· 200 kHz adjacent channel: Mainz 106.6 MHz, Bad Nauheim 106.6 MHz and Rhoen 106.2 MHz (as a modification of Wasserkuppe 106.2 MHz).

· 600 kHz adjacent channel: Darmstadt 107.0 MHz (as modification of Wuerzberg 107.0 MHz) and Miltenberg 107.0 MHz.

Again, frequency differences of 100 kHz do not occur in the USA, thus Heidelberg West would have to be changed to a 200 kHz adjacent channel. Also Mainz and Bad Nauheim had to be changed to a 400 kHz adjacent channel to avoid contour intersection. Miltenberg and Darmstadt had to be changed to at least an 800 kHz adjacent channel because they are inside the protected contour of Pfaffenberg.
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Figure 1b: 
Similar to Figure 1a, however, only the transmitters of the original Plan GE84 are shown.

All these additional frequency separations would initiate a snowball effect over whole Europe and would lead to significantly less dense spectrum usage than today and even less dense than the original Plan GE84. Of course, additional frequencies would never be possible with these rules. This example shows very clearly why an implementation of HD-Radio in the USA is much easier than in Europe.

3.3
HD-Radio Interference towards Other Band II Users
A very big part of the radio stations in Europe is public radio, financed by fees or taxes and therefore mostly having an obligation to reach all or nearly all inhabitants of the service area. Even most commercial stations in Europe operate local, regional or countrywide networks consisting of up to dozens of transmitter sites. 
In contrast, most of the US radio stations are commercial. There are neither regional nor countrywide networks but only single transmitters, each with its own program. So every additional interference, caused e.g. by HD-Radio, never interferes the own program but only the competitor.

The DRCIA report [2] shows in detail the interference of ±200 kHz adjacent channel stations which is very unequally and randomly distributed across the different radio stations depending on the frequency usage in a particular area.
In consequence, if a radio station decides to renounce HD-Radio this decision is never advantageous for the own business but for the competitor and this decision helps nothing to protect the own coverage area from HD-Radio interference.
3.3.1
An example: Conceivable Impact of HD-Radio to Bayerischer Rundfunk

As mentioned before HD-Radio is implemented in the USA although the DRCIA report predicts various additional interferences. So, what are the consequences in Germany if HD-Radio would be introduced? This is shown with the help of a concrete example, namely a typical regional FM network of the first program of Bayerischer Rundfunk for the region of Swabia in south west Bavaria. The network consists of seven transmitters as shown in Table 2. Most of the area with 1.8 million inhabitants can receive one of the two high-power transmitters Gruenten and Huehnerberg. The residual fill-in transmitters are needed because of local shadowing effects.
	Transmitter name
	Frequency
	ERP
	Antenna type

	Gruenten
	90.7 MHz
	100 kW
	directional

	Huehnerberg
	91.9 MHz
	25 kW
	non-directional

	Lindau
	88.1 MHz
	0.5 kW
	non-directional

	Augsburg Stadt
	90.9 MHz
	0.1 kW
	non-directional

	Weiler
	87.7 MHz
	0.1 kW
	directional

	Pfronten
	92.3 MHz
	0.05 kW
	directional

	Burgberg/Halden *
	89.1 MHz
	0.01 kW
	directional


Table 2:
FM transmitters of the regional network of the 1st program of  Bayerischer Rundfunk in Swabia. Since the transmitter Burgberg / Halden (*) is only relevant for a very limited area it  is not further considered in the calculations.
Figure 2 shows the coverage of all six FM transmitters calculated with the help of a path specific propagation model (ARD 5R22). All co- and adjacent channel interferers are considered. Green colour indicates a good reception, yellow an acceptable mobile reception. The blue colour indicates a coverage according to parameters declared in GE84. The plotted contours of 54 dBµV/m (blue) and 60 dBµV/m (red) are computed with ITU-R P.370-7 propagation model and are given just for information.
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Figure 2:
FM coverage calculated with path specific propagation prediction model ARD 5R22 with all co- and adjacent interferers considered. In the green coloured areas a good and in the yellow coloured areas an acceptable mobile reception is possible (unofficial internal parameters of 60 dBµV/m and 54 dBµV/m in 10m height and protection ratios according to table 3). The blue coloured areas show the fixed reception according to GE84 parameters. Just for information the 54 dBµV/m (blue) and 60 dBµV/m (red) field strength contours according to ITU-R P.370-7 are plotted.

The coverage according to GE84 parameters (blue area) exceeds somewhat the mobile reception area (yellow) because the directional receiving antenna (GE84) reduces the interference from side- and backward directions up to 12 dB whereas mobile reception was calculated with a non-directional receiving antenna. Thus an acceptable mobile reception is possible nearly everywhere in the region of Swabia. But what would happen if in the long run all transmitters change to HD-Radio? 
In order to investigate this scenario several necessary planning parameters were derived in a first step. Because of the above mentioned differences of the planning methodologies in the USA and Europe, it is hard to find measured parameters like protection ratio for HD-Radio interfered with FM and vice versa. Some measurements were conducted in the USA (DRCIA-Report) but it is hard to say if the only three receivers under test are representative for all receivers in the market. However, it was tried to derive reasonable values, shown in Table 3 and described below.
· FM interfered with by FM:

The protection ratios defined in GE84 and ITU-R BS.412-9 are well known. Sometimes they are criticized to be out-dated. But recent measurements conclude that there are both receivers with much better selectivity and also many receivers with poorer properties. So it is obvious to use these protection ratios as an average up to now.
· FM interfered with by FM+HD (hybrid mode):

Very detailed measurements where conducted by the German Bundesnetzagentur in 2007 [4] although the number of receivers was relatively low. Considerable interference was measured up to ±1 MHz. It was assumed that this interference can probably be reduced by filters and selective couplers at the transmitter output, hence only a range up to ±400 kHz was considered for this calculations. This has still to be investigated.
· HD-Radio (digital reception of hybrid mode) interfered with by FM+HD (hybrid mode):

As mentioned above here are very few data available. For this study it was tried to derive reasonable values from DRCIA-report which are in line with measurements conducted by BAKOM [5]. Due to splitting the information into two digital sidebands with identical information a relatively low error rate is achieved when only one sideband is interfered, following that the residual sideband is very susceptible to further interference. For mobile digital reception a location probability of 99% is mandatory for planning, otherwise mobile reception is not accepted by the listeners. Because of the digital threshold it is not possible to reduce the protection ratios for tropospheric interference (1% of time) as it is usual for analog FM.
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	FM interfered with by FM
	FM interfered with by FM+HD
	HD interfered with by FM+HD
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(1)
	protection ratio for “mobile acceptable” reception

(2)
	protection ratio for “fixed” and “mobile good” reception

(3)
	protection ratio for “mobile acceptable” reception

(4)
	protection ratio for “fixed” reception
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	protection ratio for “mobile” reception
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	kHz
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dB
	tropo

dB
	steady
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	tropo

dB
	steady

dB
	tropo

dB
	steady

dB
	tropo

dB
	steady

dB
	tropo

dB
	steady

dB
	tropo

dB

	0
	45
	37
	36
	28
	45
	37
	36
	28
	6
	6
	26
	26

	100
	33
	25
	12
	12
	34
	26
	13
	12
	17
	17
	37
	37

	200
	7
	7
	6
	6
	23
	23
	13
	6
	17
	17
	37
	37

	300
	-7
	-7
	-7
	-7
	-7
	-7
	-7
	-7
	0
	0
	20
	20

	400
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20


Table 3: Used protection ratios.
Notes:
(1,2):
Protection ratios from ITU-R BS.412-9 stereo and mono respectively.
(3): 
Like (1) but values for 100 and 200 kHz taken from [4]. (To be investigated.)
(4): 
For monophonic reception reduced protection ratios. (To be investigated.)
(5): 
The values derived from DRCIA-Report [2].

(6): 
The values from (5) have to be increased for mobile reception with 99% location probability. In DRCIA-Report it is shown that interference in a Rayleigh channel is increased minimum 20 dB for interference in both digital sidebands. Because this is true for most cases 20 dB are added to the values of (5). (To be investigated.)
3.3.1
Loss of service for FM due to HD-Radio
Figure 3 shows the residual FM coverage with the same colours as in Figure 2 when all transmitters, wanted and unwanted are transmitting HD-Radio hybrid mode. Due to the increased interference by the digital sidebands the coverage of all three reception modes (“mobile good”, “mobile acceptable” and “fixed”) decreases dramatically. Not only fixed reception suffers (there are no blue colour areas left), even the mobile acceptable reception (yellow) is lost in wide areas. One can argue that this is not that critical if instead a digital reception (HD-Radio) is enabled in these areas. Thus, Figure 4 shows the coverage of HD-Radio reception again under the assumption that all stations (wanted and unwanted) transmit in HD-Radio hybrid mode. In the green coloured areas a good mobile reception of HD-Radio will be possible (Rayleigh channel with 99% location probability). 
At this point it must be mentioned that there is a lack of information about the appropriate planning parameters concerning HD-Radio. Although some of these parameters can be derived from the DRCIA-Report more investigations had to be done for confirmation. It is not enough to conduct some field trials but neglect such basic measurements. Although, when compared with the few results of the Heidelberg field trial it can be supposed that a reduction of about 20 dB of the protection ratios for mobile reception may be possible. But this is very unclear because of the very few results shown in some maps which only contain information if mobile reception was ok or not ok but without even some more investigations why reception was not ok in detail. 
A further mistake in many field trials concerning HD-Radio is that only one transmitter changed to HD-Radio but not any other in the vicinity on co- and adjacent channels which avoid results concerning all possible modes of interference.
Now, if the before mentioned reduction of protection ratios can be really assumed the yellow areas of Figure 4 show the result. So even with these very optimistic but questionable parameters the former FM coverage of “mobile acceptable” is not reached by far (yellow coloured areas in Figure 2).
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Figure 3:
FM coverage calculated like in Figure 2 but interference calculated as if all transmitters switched to HD-Radio hybrid mode (-20 dBc digital power). Compared with Figure 2 especially mobile reception (yellow and green) but also fixed reception suffer (nearly no blue areas are left). 
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Figure 4:
Digital mobile reception of HD-Radio with 99% location probability, a minimum field strength of 48 dBµV/m in 10m antenna height and protection ratios according to Table 3 column 6 (green coloured areas). In the yellow coloured areas the protection ratios of column 5 was used (50% location probability), leading to similar results as at the Heidelberg field trial. See text.

In contradiction to the Heidelberg field trial in Swabia both digital sidebands of Gruenten 90.7 MHz are extremely suffering from strong interference from Gelbelsee 90.5 MHz and Augsburg Stadt 90.9 MHz. After an implementation of HD-Radio the coverage of the transmitter Augsburg Stadt would completely break down: Analogue FM would suffer from the digital sidebands of both Gruenten 90.7 MHz and Aalen 91.1 MHz (both are 200 kHz adjacent) and also HD-Radio coverage would suffer from the strong analog FM signals of the same interferes. Changing to new frequency in Augsburg has no reasonable chance. This shows that the “blend to analogue” capability of HD-Radio is not as beneficial as promoted because when both, analogue and digital reception suffer, any “blend to analogue” does not help. By the way the “blend to analogue” capability only works for the first HD program as it is the same as on analogue FM. It cannot help at all for the additional digital programs HD2 and HD3 which simply drop out.
As a conclusion, Bayerischer Rundfunk would need to build new fill-in transmitters (expensive) or people would need to accept a reduced service coverage for mobile and at home.
In the past iBiquity promoted an equal coverage of HD-Radio compared to FM in the USA until now. However, there seems to be an obvious lack of coverage especially with respect to indoor reception. Therefore, quite recently iBiquity applied at the FCC for an increase of HD-Radio digital sidebands from -20 dBc up to -10 dBc. It can be assumed that the indoor reception conditions in Europe are not totally different to the US, so a request of increasing HD-Radio power in Europe is only a question of time. 

Furthermore, calculations have been carried out in order to evaluate firstly the residual FM coverage and secondly the digital HD-Radio coverage assuming the same transmitter network for both cases as before. The results are shown in Figures 5 and 6. It is not surprising that the FM coverage (Figure 5) is further reduced compared with Figure 3. However the HD-Radio coverage (Figure 6) is not that much increased as maybe expected (compared with Figure 4) and still the former FM coverage is not reached (compared with Figure 2). 
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	0
	45
	37
	36
	28
	6
	6
	26
	26

	100
	34
	26
	23
	15
	7
	7
	27
	27

	200
	33
	25
	23
	15
	7
	7
	27
	27

	300
	-7
	-7
	-7
	-7
	0
	0
	20
	20

	400
	-20
	-20
	-20
	-20
	?
	?
	?
	?


Table 4:
 Change of protection ratios if the digital sidebands of HD-Radio are increased from ‑20 dBc to ‑10 dBc. The values are derived from Table 3.

Notes:

(7): 
The increased digital sidebands become co-channel interferers for 100 kHz and 200 kHz adjacent channels.

(8): 
Also at mono reception the interference of the digital sidebands exceeds the FM interference which becomes a co-channel interferers for 100 kHz of 200 kHz adjacent channels.
(9): 
When the digital sidebands at both the wanted and unwanted signal increases by the same amount (+10dB) the values for 0 and 300 kHz keep the same because this is a interference between the digital sidebands. Only the values for 100 kHz and 200 kHz are reduced by 10 dB due to the interference of FM.
(10): 
The values from (5) have to be increased for mobile reception with 99% location probability. In DRCIA-Report it is shown that interference in a Rayleigh channel is increased minimum 20 dB for interference in both digital sidebands. Because this is true for most cases 20 dB are added to the values of (5). (To be investigated.)
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Figure 5:
FM coverage calculated like in Figure 3 but interference calculated with an increase HD-Radio digital power (-10 dBc) of all transmitters. Compared with Figure 3 again all coverages are reduced.
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Figure 6:
Similar to Figure 5 but with increased HD-Radio digital sidebands of all (wanted and unwanted) transmitters from -20 dBc to -10 dBc.
3.4
HD-Radio in a Single Frequency Network

HD-Radio offers the use of single frequency networks (SFN) though this is not comparable with single frequency networks known from T-DAB or DVB-T which can be configured to be (nearly) self-interference free. This is done by adjusting every transmitters individual delay time to an optimum. Due to the lack of regional and countrywide networks in the USA only low power translators and boosters are used. For this reason it was obviously not necessary until now to develop studio transmitter links (STL) to enable a synchronised transmission of all transmitters in an SFN as in Europe. Thus an HD-Radio-SFN also just consists of boosters which simply receive, amplify and retransmit the complete signal on the same frequency. To prevent oscillation due to unwanted feedback high power boosters are not possible. However to avoid self-interference inside the SFN the booster should omit radiation in the direction of the master transmitter because of a guard interval of only 159 µs (≈ 48 km delayed path). So a real application of this technique in existing European transmission networks is not useful at least until a construction of SFNs consisting of two or more high power transmitters is supported by HD-Radio.
But despite the fact that FM signal is not capable for such SFNs these would be impossible for HD-Radio in hybrid mode anyway.
4
Conclusions
Due to the very different planning methodologies and protection from interference, different transmitter networks (USA: single transmitters – EU: countrywide networks), different financing (USA: mainly commercial – EU: big part of public broadcasting financed by receiver licence fees) and different coverage requirements (agglomerations – country wide coverage), Band II is much more densely used in Europe than in the USA. Therefore it is much easier there to introduce HD-Radio, covering the ±100 and ±200 kHz adjacent channels of an analogue FM-signal.
It is shown by several examples that a countrywide implementation of HD-Radio leads to a dramatic decrease in analogue FM coverage, and at the same time the digital HD-Radio coverage does not compensate these losses by far. 

An increase of the digital sideband power of HD-Radio by 10 dB, as intended in the USA, leads to a further reduction in analogue FM coverage. Moreover, the increase of digital coverage on the other hand is not sufficient to fill the FM coverage gaps produced by HD-Radio.
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