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1. Introduction

Protection of DTV broadcast incumbents in the TV White Space involves two key interference mechanisms:

a) the amount of out-of-band emission generated by the interfering device which falls into the channel selected by the DTV receiver.

b) the DTV receiver’s susceptibility to RF power present on channels adjacent, alternate or beyond to the selected channel resulting from the receiver’s channel limited selectivity’;
These two interference mechanisms were considered in the process of developing the 802.22 WRAN Standard in order to establish reasonable out-of-band emission rejection performance and protection ratios to provide protection of DTV broadcast operation.  The two interference mechanisms were investigated and the results are reported in the two following section.
It became apparent, however that the 802.22 WG would not be able to specify its own performance requirements for the out-of-band emission nor for the level of susceptibility of the DTV receivers. In the first case, it is expected that each regulatory domain will have its own requirements based on the DTV Standard that they use and the way the DTV technology is deployed.  In the second case, the performance of the DTV receivers as to their susceptibility to interference on adjacent, alternate and beyond channels has been determined and agreed upon by DTV receiver manufactures and is not something that can be changed easily.

It was therefore concluded that the 802.22 WRAN systems will have to adjust to these various requirements and that there will likely be various emission RF masks that the 802.22 WRAN transmissions will need to comply with. Annex A of the Standard has therefore been developed as the repository of these various regulatory domain dependent requirements that the 802.22 WRAN systems will have to comply. So far, it contains two specified RF masks for the USA and Canada.  It is expected that more will be included as other regulatory domains specify their requirements.
Never-the-less, it was felt the it would be useful to describe the various considerations that need to be taken into account in the development of the criteria to be used for protecting DTV broadcast operation from 802.22 WRAN transmissions and this is explained in the following sections.

2. WSD out-of-band emission performance requirements
The 802.22 WRAN Standard has not determined specific out-of-band emission requirements for the WRAN devices.  The approach that was taken was that the devices would need to meet the RF Masks specified for the different Regulatory Domains.  Annex A of the 802.22 Standard included the two TV White Space RF Mask specified so far, i.e., the USA FCC Mask and the Canadian RRBS Mask (Figures 1 and 2 below).
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Figure 1:  WSD transmission RF mask for the USA
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Figure 2  RRBS transmission RF Mask for Canada

Notwithstand the fact that the 802.22 Working Group decided to rely on the different Regulatory Domains to specify their out-of-band emission requirements, the Group investigated the feasibility of various RF Masks with respect to the PHY parameters included in the Standard.  Here is a set of Figures that were developed as part of this investigation.
Since the White Space Devices (WSDs) will need to be frequency agile, no channel filtering can be assumed in practice at the output of the RF power amplifier (PA).  The main problem will then be to keep the spectrum re-growth level resulting from any non-linearity in the PA to a decent level.  A relaxation of the FCC Mask to ease the requirement in meeting the demanding first inner corners (+/-3 MHz from the channel center) was considered as shown in Figure 3. Note that the superposed blue and green curves represent the results of computer simulations for a typical 802.22 WRAN signal passed through a PA at two different output backoff levels and show some practical considerations in determining realistic mask requirements. The conditions under which the computer simulations were carried out for the PA non-linearity are described in document: 22-08-0111-05-0000-spectral-mask-implications.ppt, available from the 802.22 documents repository < https://mentor.ieee.org/802.22/documents>.

As can be shown in Figure 3, the shape of such spectrum re-growth in not very friendly with a plateau approach for the RF Mask. Since it has been established from experimental evidence that the impact of an interfering signal onto DTV is related to the total amount of power falling into the channel bandwidth, except in cases of very narrowband interferers (<100 kHz), the equivalent power level was calculated for the proposed sloped segment and is shown in Figure 3 with the dotted line at 40 dB rejection relative to the in-channel power density.
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Figure 3: US FCC RF Mask for a 4 Watt WSD compared to simulated RF power amplifier out-of-band emission performance and a sloped RF Mask that would be easier to meet
(Green: 7.7 dB PA output backoff, Blue: 9.7 dB PA output backoff)
This is the reason why a sloped approach was used in developing the Canadian Mask for Remote Rural Broadband Systems (RRBS) as shown in Figure 4. Some relaxation of the out-of-band rejection requirement took place in the N+/-1 and N+/-2 channels for 4 Watt fixed installations since operation on these channels is not allowed in Canada because of the limitation in the DTV receiver susceptibility to interference (see section 4 on the EIRP profile). Note that the equivalent flat power levels falling in each channel for the sloped segments are indicated with the dotted lines in Figure 4 similar to what is shown in Figure 3.

Since it was decided to not allow operation in channels N+/-1 and N+/-2 in Canada because of the poor performance of the DTV receivers (see section 4 on the EIRP profile), the RF Mask in these adjacent channels (N+/-1 and N+/_2) was not be dictated by the amount of power falling in the channels selected by the DTV receivers in these cases since such case would not be allowed to occur by definition.  The RF Mask should then be dictated by potential interference to other incumbent systems such as PMSE or other license-exempt systems. It is interesting to note that in the USA, operation on N+/-1for fixed and portable WSDs utilizing EIRP larger than 40 mW is not allowed in the FCC R&O 08-260 while these devices have still been required to meet the tight 72.8 dBc (i.e., 55 dBr) FCC RF Mask. The 55 dBr requirement really makes sense for portable devices operating at less than 40 mW EIRP since these devices are allowed to operate on N+/-1 but not the devices operating above 40 mW.
[image: image5.emf]Relative RF Emission Mask for RRBS systems

(Output filter requirement)

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-3.5-2.5-1.5-0.50.51.52.53.5

Channel Spacing

dB relative to in-band field strength

FCC RF Mask

CDN RF Mask +

CDN RF Mask -

Zero line

Equivalent Power


Figure 4: Canadian RRBS RF Mask compared to the FCC Mask for a 4 Watt WSD and simulated RF power amplifier out-of-band emission performance (Green: 7.7 dB PA output backoff, Blue: 9.7 dB PA output backoff)
(Note: the red dotted line represents the equivalent power level per channel for the Canadian Mask)
3. Meeting the RF mask

When consideration is given to practical ways to meet a tight RF mask, there will likely be two approaches that the industry will adopt.  One is to declare operation in more than one channel to accommodate sufficiently wide transition bands for the required reduction in out-of-band emission.  For example, with one TV channel used for the transmitted signal as shown in Figure 4, a WSD operator may declare that he needs 3 contiguous TV channels so that his out-of-band emission rejection level meets the requirement. Another way will be for the WSD operator to reduce the effective bandwidth of his transmitted signal in the channel to allow for sufficient transition band on both sides to achieve the necessary out-of-band rejection at the edge of the channel. This is illustrated in Figure 5.
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Figure 5:   Reduction of the effective signal bandwidth to meet the out-of-band rejection requirement (Green: 7.7 dB PA output backoff, Blue: 9.7 dB PA output backoff)
In either case, this results in a reduced efficiency in the use of the spectrum.  A proper balance therefore needs to be found between realistic out-of-band emission rejection and efficient use of the spectrum. 
4. DTV receiver susceptibility to interference

In dealing with the protection of DTV incumbents, the 802.22 WG identified, early in the process, the concept of the EIRP profile which documents the selectivity performance of the DTV receivers as a function of the maximum EIRP that a WSD can use at a reference minimum separation distance from a DTV receiver.  The selectivity performance is directly related to the filtering and linearity performance of the DTV receiver which can be established through laboratory measurements.  This has been documented and accepted as a performance goal by the DTV receiver industry through the Advanced Television Systems Committee (ATSC) (see ATSC A/74 Receiver Performance Guidelines.

The EIRP profile, as depicted in Figure 6, allows the representation of the DTV receiver selectivity performance in a practical system context. It represents the maximum EIRP that can be used by a WSD operating at a reference separation distance from a DTV receiver located at the edge of the coverage (i.e., at the noise-limited contour, -41 dBu in North America), and this, as a function of the channel separation between the channels on which the DTV receiver is trying to receive the DTV signal and the channel on which the WSD would be transmitting.

The assumptions for the calculation of the EIRP profile are that the WSD would be mounted outdoor at 18 m from the antenna of the DTV receiving installation (re: FCC R&O 08-160, Para.174) and would be line-of-sight.  The worst case is depicted in orange in Figure 6 where both antennas are aimed toward each other (+/-30 degrees since the typical main beam width will be around 60 degrees at these frequencies). The green line represent represents the case where one of the two antennas is aimed away from the other antenna, providing a 14 dB backlobe rejection or, the two antennas are still aimed at each other but they are cross-polar to each other (e.g., the DTV antenna uses horizontal polarization while the WSD antenna uses vertical polarization), providing for 14 dB cross-polar isolation. Note that in the case of N and N+/-1, the WSD antenna and the DTV receive antenna are both assumed to be pointing away from each other since the WSD has to be, by definition, outside of the noise-protected contour. 
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Figure 6:  EIRP profile representing the maximum EIRP that a WSD can use before producing excessive interference due to signal leakage into the desired channel at the DTV receiver as a result of the limited receiver filtering performance for various channel separations (separation distance= 18 m).

If the incumbent database is to produce the maximum EIRP that a WSD can use on specific channels at a specified location, the concept of EIRP profile that was developed by 802.22 can become very handy. Such EIRP profile can then be programmed in the algorithms that would be used in this database for the calculation of the maximum EIRP per TV channel. The database would need to concatenate the requirements for all DTV channels occupied in a given location, producing a compound EIRP profile that would include all constraints on the WSD maximum EIRP in the given location as shown in Figure 7.


[image: image8]
Figure 2: Example of a concatenation of EIRP profiles resulting from the presence of multiple DTV channel in the area

The best approach for an optimum solution for specifying a reasonable RF Mask seems to be when a balance between the DTV receiver susceptibility to interference and the level of out-of-band rejection at the WSD is achieved fro the channel separations where the WSD is allowed to operate as conceptually illustrated in Figure 9 for the ATSC DTV system. This is the approach that was taken in developing the Canadian RRBS Mask where relaxation of the RF mask was allowed in N+/-1 and N+/-2 where the WSD are not allowed to operate, but where the proper balance between DTV receiver susceptibility and WSD out-of-band rejection was achieved as much a possible.
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Figure 9:  Achieving a balance between the DTV receiver interference susceptibility (left) and the WSD out-of-band emission requirement (right)
______________________

Abstract


This document contains a review of the technical considerations for protecting DTV broadcasting taken in the process of developing the 802.22 Standard. In particular, RF mask characteristics for the WRAN transmissions needed to provide protection of DTV broadcast incumbents in the TV bands were considered as to their impact on the WRAN system design and as to their relationship to the susceptibility of the DTV receivers to the incoming interference from adjacent and alternate channels.  At the end, it was concluded that the WRAN systems will likely have to adapt to whatever out-of-band emission requirements specified by the various regulatory domains and room was provided in the Annex A of the Standard to document the various RF masks that the WRAN systems will have to comply with in various regulatory domains.
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