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RF Mask and Second Adjacent Channel Protection

1.
Introduction

First, the assumption is made that the protection ratio for DTV reception being affected by WRAN transmission will the same as for DTV interfering into DTV (expected to be within a fraction of a dB because of the similarity in the ATSC 8-VSB DTV signal RF spectrum and the RF spectrum of the OFDM WRAN signal).  Table 1 indicates the rejection thresholds needed for DTV interfering into DTV at the noise-limited contour (received DTV signal level= -84 dBm).  These values were linearly extrapolated (in dB) from the threshold values indicated in the ATSC A/74 DTV Receiver Performance Guidelines for ‘weak desired’ (–68 dBm) and ‘moderately desired’(-53 dBm) signal levels, since the threshold values were not provided for the noise-limited reception conditions.  The co-channel value is reproduced from the FCC-OET Bulletin 69 which describe the DTV planning parameters.

2.
Co-channel case

As indicated in Table 1, a WRAN signal will need to be 23 dB lower than a co-channel DTV signal to pass the co-channel interference test.  In fact, the co-channel protection ratio at TOV is 15.5 dB but it was increased to 23 dB for the protection of DTV reception at the edge of the coverage area in the context of planning the DTV service.  This corresponds to an interference contribution of no more than 0.7 dB to the DTV noise budget at the edge of the coverage (41 dBuV/m), in other words a maximum receiver desensitization of 0.7 dB due to co-channel interference.  When considering potential out-of-band emission from a WRAN transmitter, the energy falling into the active DTV channel should correspond to the equivalent of this 23 dB co-channel protection ratio to represent the worst-case condition (i.e., 0.7 dB noise contribution).

Table 1:  Rejection threshold for DTV into DTV interference, linearly scaled from the ATSC A/74 values
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2.
First adjacent channel case

In the case of the first adjacent channel, a WRAN signal will be allowed to be 33 dB higher than the received DTV signal.  The level of out-of-band emission from the WRAN signal in its adjacent channel which would fall into the DTV channel as co-channel interference can be allowed to be 23 dB below the level of the DTV signal to be at the level where that interference from co-channel interference would start to impact reception (0.7 dB contribution to the noise budget).

This means that the out-of-band emission level for a WRAN transmission where interference to the DTV would come equally from the DTV receiver adjacent channel filtering of the WRAN signal and the out-of-band energy from the WRAN signal that falls in the DTV signal is:

23 – (-33) = 56 dB

In other words, if the WRAN out-of-band emission rejection in the adjacent channel is larger than 56 dB, the adjacent channel interference into DTV will occur first due to the limited filtering of the DTV receiver.  Any improvement in the WRAN out-of-band emission rejection beyond this 56 dB will not improve the adjacent channel interference situation since the DTV receiver filtering becomes the driving factor.  This is illustrated in Figure 1.

Note that these conclusions are valid for the low-signal level case where the DTV receiver operates linearly, which will be the case at the edge of the DTV coverage area.  Different effects will likely come into play for higher signal levels where the DTV receiver can be driven into non-linear operation but this would occur much within the DTV coverage area and the D/U ratio will be less negative because of the larger desired DTV signal available at the receiver.

2.
Second adjacent channel case

A similar rationale can be applied in the case where the WRAN signal is present in the second adjacent channel.  In this case, the table indicates that the WRAN signal could be 48.2 dB higher than the level of the DTV signal if it is received in the second adjacent channel.  The level of the out-of-band energy from the WRAN signal that falls in the second channel where the DTV signal is will need to be:

23 – (-48.2) = 71.2 dB

Again, if this out-of-band rejection is larger than 71.2 dB in the second adjacent channel, the interference will primarily be due to the limited filtering in the DTV receiver.  Any improvement in the WRAN out-of-band emission rejection beyond this 71.2 dB will not improve the adjacent channel interference situation since the DTV receiver filtering becomes the driving factor.  This is illustrated in Figure 1.
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Figure 1:  Required rejection relative to the in-channel power for the WRAN RF Mask resulting from the DTV receiver rejection performance in the first and second adjacent channels

In a situation similar to that described above where a WRAN signal is received on the second adjacent channel relative to the channel where the DTV signal is received, the amount of WRAN out-of-band emission falling in the first adjacent channel which will be seen by the DTV receiver tuned to the second adjacent channel as energy received in its first adjacent channel will be allowed to be 56 dB higher than the level emitted in the second adjacent channel in this situation, that is:

71.2 - 56 = 15.2 dB

That is the WRAN out-of-band emission rejection can be, in this case, as small as 15.2 dB in its first adjacent channel because of the filtering afforded by the DTV receiver in its first adjacent channel.

It is therefore clear that tightening the first adjacent out-of-band rejection on the WRAN signal will not help the second adjacent channel interference problem since it is the result of the limited DTV receiver filtering performance in its second adjacent channel or the second adjacent channel out-of-band emission level from the WRAN transmission if the rejection is less than 71.2 dB.  The only way to resolve this problem is by having the WRAN system cognitive radio capabilities control the CPE EIRP in the case of presence of DTV in the second adjacent channel (i.e., considering the EIRP profile), rather than tightening the WRAN CPE RF mask because it is not the constraining case.

As can seen in Table 2 below, the EIRP of the WRAN CPE located at 10 m from a DTV receiver should be limited to –11.6 dBm as a result of the ATSC A/74 Receiver Performance Guidelines when it operates on the second channel of a DTV signal to which this DTV receiver is entitled (inside the protected coverage).  This is what needs to be put in place to protect the second adjacent channel since tightening the RF mask of the WRAN transmit device on the first adjacent channel will not help.

The 802.22 WG should try to make the regulators (e.g., the FCC) aware that the WRAN standard can have the capability of controlling the CPE EIRP as a function of the channel separation as a result of knowing the location of each of its transmit devices and using an incumbent database where all these DTV channel occupation and area to be protected will be tabulated.  The regulators should be informed that the technology that the 802.22 WG is developing is capable of providing such protection to the second adjacent channel by controlling the maximum EIRP of the appropriate CPEs depending on their location with respect to the coverage area of the DTV channel on the second adjacent channel.

While, in order to keep the sensing process reasonable, sensing could be limited to monitoring the co-channel (N) and first adjacent channels (N+/1) used by incumbents, access to the incumbent database would allow protection of these alternate channels by controlling the maximum EIRP of the WRAN devices (EIRP cap).

The cognitive capabilities of the 802.22 standard will be able to better protect the DTV incumbents operating on alternate channels by limiting the EIRP of the WRSAN devices rather than imposing an excessive and uncalled for tightening of the RF mask for the WRAN systems as demonstrated above.

Table 2:  Allowable CPE transmit EIRP depending on the frequency of its operational channel relative to the DTV channel used by a nearby DTV receiver
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Abstract


This contribution demonstrates that the definition of the WRAN transmission RF mask for protecting DTV reception at low signal level (i.e. at the edge of DTV coverage) is driven by the DTV receiver filtering in the second adjacent channel rather than by the WRAN out-of-band emission if the RF mask rejection is larger than 56 dB in the first adjacent channel and 71.2 dB in the second adjacent channel if the DTV receiver meets the rejection values recommended in the ATSC document A/74 for the adjacent and taboo channels.
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Vertical polarization is assumed for Fixed/Access transmission from the CPE's toward the WRAN Base Station to provide isolation to the DTV receivers (which use horizontal polarization).

Including the increase from the DTV antenna directional discrimination and polarization discrimination.

Both antennas at the CPE and at the DTV receiver are assumed to be looking in opposite directions because the CPE's will have to be located outside the noise-limited contour of the DTV station to be allowed to operate.

Minimal polarization discrimination exists in the back lobes.

Both antennas at the CPE and at the DTV receiver are assumed to be looking in opposite directions because the CPEs will have to be located outside the noise-limited contour of the DTV station to be allowed to operate.

Case where the CPE is just outside the DTV noise-limited contour and the antenna looks outward to a base station located away from this DTV noise-limited contour.  The combined backlobe rejection from the two antennas can then be relied upon to reduce the interference.

The DTV receive antenna can be aimed in any direction relative to the WRAN CPE, hence no practical discrimination can be relied upon.  Worst case of CPE transmit and DTV  receive antennas aiming at each other is assumed.

Maximum polarization discrimination will occur in main lobes and in line-of-sight condition on the short distance between the CPE antenna and the DTV receive antenna.  Polarization discrimination is set to the smaller backlobe discrimination of the two antennas.  It is very unlikely that metallic objects at 45 deg. which could depolarize the signal will be in proximity of the short path that will be exist between the CPE transmit antenna and the DTV receive antenna.  This likelyhood will increase when the distance gets larger but the larger free-space loss will compensate for it.  No reduction in polarization discrimination is therefore applied.

The CPE transmit antenna can be aimed in any direction relative to the DTV antenna, hence no practical discrimination can be relied upon.  Worst case of CPE transmit and DTV  receive antennas aiming at each other is assumed.

Specified RF front-end overload level

Maximum field strength at the DTV receiver at the specified RF front-end overload point for typical RX antenna gain, cable loss and antenna aperture, and specified polarization discrimination of the DTV receive antenna.
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