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Introduction

In reading through the various industry comments on the NPRM 04-186, there were a number of valuable suggestions on the need for out-of-band emission rejection from License-Exempt (LE) equipment operating in the VHF/UHF TV bands.  In particular, the detailed derivation in Motorola’s comments that would limit the effective bandwidth of a License-Exempt (LE) system to about 2 MHz in a 6 MHz TV channel if the currently proposed out-of-band rejection, down to the Part 15.209(a) level, were to be met in the first adjacent channel, the comment by Intel that the out-of-band emission could be limited to 49 dB relative to the in-band power, and the comment by Microsoft that indicates that Part 15.209 applies only to specific bands listed in Part 15.205(a) and that, within the TV bands, the same limits as in the ISM and UNII bands should be used.  Furthermore, the problem of desensitization of DTV receivers by LE devices was highlighted in the MSTV/NAB comments.

This begged for more reflection on the actual out-of-band rejection that would be needed at the LE devices based on a rational approach and actual needs.  What follows is the result of such further analysis.

Protection of DTV broadcast operation

License-Exempt (LE) transmitted signals in the TV bands have the potential of creating interference to incumbent DTV receivers through the following four means:

1) the main LE signal can leak into the DTV receiver because it is co-channel with the TV signal intended to be received,

2) the main LE signal leaks into the RF front-end of the DTV receiver even if it is not co-channel because of the limited selectivity of the filters and non-linearities in this RF front-end,

3) the out-of-band emission from the LE transmit device falls into the desired channel of the DTV receiver (desensitization), and

4) the main LE signal leaks into the DTV receiver and cable set-top through direct pick-up.

The fourth item deals with the special case of a cable-ready DTV receiver or a cable set-top receiving from a coaxial cable.  The worst-case interference would occur when a nearby LE device transmits on the same channel that is tuned by the cable-ready DTV receiver or cable set-top.  Since the interfering signal pick-up involves very different means of signal leakage into the receiver (i.e., not necessarily through the RF front-end), a special treatment is warranted.  A specific value for the maximum interfering local field that should be sustained (100 mV/m) in this case is given in Part 15-118(c3).  Appropriate distance and/obstruction between the cable-ready DTV receiver or cable set-top and the LE device will be needed to meet this requirement.

The first item represents the most demanding case and the FCC OET Bulletin 69 specifies +23 dB D/U at the edge of the Grade B contour (-86.8 dBm desired signal level) while the ATSC-74 document indicates that the DTV receiver can sustain a co-channel interferer at 15.5 dB D/U at weak desired signal level (-68 dBm).  In this case, the assumption is that the RF characteristics of the LE signal will be similar to those of the DTV signal from an interference perspective.  The cognitive capabilities of the LE devices will make sure that co-channel operation will not take place where these D/U ratios cannot be met.

In the case of the second item, the adjacent channel D/U’s specified by the FCC OET Bulletin 69 are -28dB and -26 dB for N-1 and N+1 respectively at the Grade B contour whereas the ATSC A-74 document indicates a somewhat more relaxed figure (-33 dB D/U) (more demanding from the DTV receiver manufacturer) measured on typical receivers at the weak desired level (-68 dBm).  Again, the cognitive capabilities of the LE devices will make sure that adjacent channel operation will not take place where these D/U ratios cannot be met.  This means that the operating frequency of the LE device will be changed if there is potential interference to the reception of DTV on an adjacent channel.

In the current proposal, only the co-channel and first adjacent channels D/U ratios need to be met.  It is felt that D/U ratios for larger channel spacing should also be considered to control potential interference from nearby LE devices into DTV receivers.  These additional D/U ratios would describe the capabilities of the RF front-end of the DTV receiver to operate in a high-level interference environment.  They would characterize the filtering performances as well as the dynamic range and linearity performance of the DTV RF front-end.  Absence of such values could lead to interference to DTV operation since there would be no restriction on the proximity of LE devices operating on these channels located further out from the active DTV channel.  A set of values has been generated by the ATSC and is contained in the A-74 document.  These values are listed in Table 1 below.

While interference may be received by a DTV receiver on one of its adjacent channels (-15 to +15, see Table 1) from a LE transmitter as long as it does not exceed the D/U ratios mentioned above, it is possible that this same LE transmitter also generates co-channel interference into the DTV receiver through its out-of-band emission (the third item listed above).  It would seem reasonable to think that the emission from the LE device would be balanced in terms of potential interference to DTV operation if both requirements (adjacent channel D/U and co-channel D/U) are met at the same time.  This case will happen for specific LE device out-of-band emission levels as given in Table 1.
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Table 1:  Required LE device out-of-band rejection to match DTV receiver adjacent channel rejection performance

For example, a LE device will be able to transmit on a channel adjacent to a DTV transmission only if the adjacent channel D/U is met while in proximity with a DTV receiver tuned to this channel within its Grade B contour.  While it meets the DTV adjacent channel D/U ratio, it should also meet the co-channel D/U for the energy that it creates in the channel occupied by the DTV transmission.  The level difference between these two D/U ratios will define the out-of-band emission level that the LE device will be able to emit in its adjacent channel relative to its main channel transmission level.  This is how a realistic out-of-band emission template can be developed.

The required out-of-band rejection is first based on the values given in the ATSC A-74 document for all channels from -15 to +15.  The rejection value at a specific channel relative to the main LE device power is the D/U ratio needed for this channel minus the co-channel D/U ratio.   This represents the set of rejection values at the weak desired signal level (-68 dBm).  Another set of rejection values is generated for the edge of the Grade B contour (-86.8 dBm desired signal level) based on the 23 dB co-channel D/U from the FCC OET Bulletin 69.  The rejection required for the two first-adjacent channels result from the difference between the adjacent channel D/U from the FCC OET Bulletin 69 and the reference co-channel 23 dB.  The rejection required for the larger channel separations is based on the corresponding values in the ATSC-74 document to which is subtracted the reference co-channel D/U of 23 dB to reference the case to the Grade B contour.

The values established in the table are illustrated in Figure 1.  The curves represent the case where there is a balance between the interference produced by a LE device on an adjacent channel (-15 to +15) because of the DTV receiver front-end filtering and non-linearity performance, and the co-channel interference due to LE transmit device out-of-band emission falling in the selected DTV channel.  This is shown for two operating points at the DTV receiver: the weak desired signal level (-68 dBm) and the desired signal level typically experienced at the edge of the Grade B contour (-86.8 dBm).  The out-of-band emission levels required at the Grade B contour are clearly more demanding and these could be used to define a conservative LE device out-of-band emission template based on a balanced interference situation between the second case and third case of interference as described above.

Figure 1 was extended beyond the -15 to +15 channels with the RF front-end overload level which is 3 dB higher than the rejection level for channels 14 and 15 as found in Table 1.  The figure was also augmented with the template that is proposed by the FCC in its NPRM based on the Part 15-209(a) requirement.  The template shown applies to 4 Watts, 100 mW and 10 mW EIRP at the LE transmitter.  As can be seen, as the power of the LE transmitter decreases, the initial yellow plateau located at -85.3 dB for 4 Watts EIRP raises by the ratio of the actual power transmitted to the 4 Watts level since this plateau represents an absolute field strength level (46 dBuV/m) rater than a rejection value relative to the transmit power.
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Figure 1:  Out-of-band rejection values deduced from a balance between adjacent channel interference at the DTV receiver produced by a LE device and LE out-of-band interference falling into the channel selected at the DTV receiver

As can be seen from the figure, the out-of-band rejection level proposed by the FCC and supported by 802.18 in its November comments (yellow curve) represents a major over-kill for close-in channels where the filtering requirements are the most demanding.  However, as the power of the LE device reduces, the Part 15.209(a) level would allow a relaxation of the out-of band rejection requirement for the outer channels since 46 dBuV/m emission level would be allowed.

It is interesting to note from the figure that for LE device transmission power larger than (4 Watts -2.3 dB)= 2.4 Watts, there is no relaxation of the out-of-band emission template developed from the DTV RF front-end filtering and linearity limitations by the Part 15.209(a) level.

However, as reported by MSTV and NAB, the level specified in Part 15.209(a) is considered too high and would result in a major desensitization of the DTV receiver front-end.  Assuming a typical indoor DTV reception with a simple antenna (0 dBd), short cable (1 dB loss), a receiver Noise Figure of 10 dB and an allowed receiver desensitization of 1 dB, it is reckoned that the Part 15.209(a) level would need to be reduced by 35.6 dB.

Figure 2 illustrates the suggested template for out-of-band emission from LE devices based on the more conservative rejection values deduced from the FCC OET Bulletin 69 and the ATSC A-74 document.  Added to this template are the rejection levels required to limit the DTV receiver desensitization to 1 dB for the three levels of LE transmit power.  As can be seen, these tighter levels no longer allow a relaxation of the rejection template based on the filtering and linearity characteristics of the DTV receivers.  In all these cases, the DTV receiver desensitization will happen much later than the LE device main signal leakage into the DTV receiver when the LE device is brought close to the DTV receiver.
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Figure 2: Proposed RF rejection template for the out-of-band emission from a LE device operating in the VHF/UHF TV bands

It is proposed that 802.18 takes these factors into consideration in preparing its reply to comments to the FCC NPRM dealing with LE equipment operating in the VHF/UHF TV bands.

Protection of the Wireless Microphone operation

It was reckoned that, for CPE transmit power of 4 Watts EIRP, the operation of wireless microphones in a TV channel can be secured by the presence of an unmodulated beacon of 18.4 dBm EIRP.  This generates sufficient RF energy to indicate the presence of such operation to nearby LE CPE’s that could otherwise interfere with the wireless microphone operation.  (Reliance on the signal level transmitted by the microphones is not sufficient because of the poor transmit antenna gain (-10 dBi), the body absorption (15 dB), and the erratic difference in propagation between the microphone and its receiver, and the microphone and the sensing CPE.  An encoded beacon transmitted at the same level could also be used to signal the presence of wireless microphones in a number of TV channels rather than an unmodulated beacon per TV channel, and the following development and conclusions would also apply.)

With such beacon, the CPE will be able to detect the presence of wireless microphones when it can measure power above its sensing threshold in a specific channel.  This measured threshold will be transmitted to the base station and one of two possible options will be selected: either the CPE will be allowed to transmit in the specific TV channel but at a power that is reduced from 4 Watts EIRP by the same amount of dB’s that the sensed RF signal was found to be above the sensing threshold; or the CPE will have to use a different TV channel for its transmission.

If the sensed RF signal is much greater than the sensing threshold, not only will the co-channel case need to be considered but also the adjacent channels.  Once the out-of-band rejection template used for the LE device is known, based on a given balance between the second and third cases of interference as described in the previous section, it will be easy to deduce the TV channels that the CPE can use for its transmission.  Following are the rules that would apply:

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold:
	The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channel ‘N’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N+1’ rejection from the out-of-band rejection template:
	The CPE cannot use channel ‘N’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channel ‘N+1’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N-1’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’ and ‘N+1’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channel ‘N-1’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N±2’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’, ‘N±1’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channels ‘N±2’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N±3’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’, ‘N±1’ and ‘N±2’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channels ‘N±3’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N±6 to 13’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’, ‘N±1’, ‘N±2’ and ‘N±3’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channels ‘N±6 to 13’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N±4’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’, ‘N±1’, ‘N±2’ ‘N±3’ and ‘N±6 to 13’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channels ‘N±4’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N±5’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’, ‘N±1’, ‘N±2’ ‘N±3’, ‘N±4’ and ‘N±6 to 13’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channels ‘N±5’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the ‘N±14 and 15’ rejection from the out-of-band rejection template:
	The CPE cannot use channels ‘N’, ‘N±1’, ‘N±2’, ‘N±3’, ‘N±4’,  ‘N±5’ and ‘N±6 to 13’.  The CPE transmit power has to be reduced from 4 Watts by the excess sensed power, or channels ‘N±14 and 15’ should not be used.

	If the measured RF beacon power in a TV channel ‘N’ is larger than the sensing threshold plus the rejection for channels beyond ±15 from the out-of-band rejection template (RF front-end overload):
	Then the CPE is not allowed to transmit on any TV channel because it is too close to the wireless microphone receiver.  (Note: <191 m, in free space propagation condition to meet the Part 15.209(a) limit decreased by 10.4 dB.)


In a nutshell, once the CPE can sense RF power produced reliably by an unmodulated beacon  located close to the wireless microphone receivers, a complete control of the potential interference from LE CPE’s is possible.  The most demanding situation is for the CPE to sense sufficiently low RF signals from the wireless microphone operation to avoid operation on the same channel.  The avoidance of interference into wireless microphones operating in adjacent channels is simply derived from the excess RF signal from the wireless microphone beacon.

Conclusion

This contribution dealt with the potential interference into the two services operating in the VHF/UHF TV bands, namely DTV broadcasting and wireless microphones.  A RF rejection template for the LE transmit device was discussed based on a balance between the potential interference produced by the main transmitted signal of a LE device into adjacent DTV channels due to limited selectivity of the filters and non-linearity in the RF front-end of the DTV receiver, and the out-of-band emission from the LE transmit device falling into the desired channel of the DTV receiver.

Once the out-of-band emission template for the LE transmit device is known, all the information for the protection of wireless microphones in all channel arrangements is contained in the RF signal level from the un-modulated beacon located at the wireless microphone receivers as sensed by the CPE. Straightforward rules can be applied locally or at the network level to deduce the TV channels on which the LE device can operate without interfering with the wireless microphone operation.

It is proposed that 802.18 takes the above discussion into consideration in preparing its Reply to Comments to the FCC NPRM dealing with LE equipment operating in the VHF/UHF TV bands.  It would seem to be appropriate to suggest a new RF out-of-band emission template based on the above facts to replace the one that is currently proposed.  This new template would avoid the unnecessarily high rejection constraint for the close-in adjacent channels while making sure that the DTV receiver front-end does not get interfered with or desensitized beyond stated requirements by out-of-band emission from nearby LE devices.

This contribution also raised the point that, because no D/U ratios are proposed for TV channels beyond the first adjacent channels, this may lead to potential interference to the DTV receivers from nearby LE devices operating on those channels.  The only values that could be identified for this purpose at this time are from the ATSC A-74 document and they were used in the development of the above rejection template.  Further work may be needed to refine these values in the context of the potential interference from LE equipment to DTV receivers.
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Abstract


In reading through the various industry comments on the NPRM 04-186, there were a number of valuable suggestions on the extent of the out-of-band emission rejection from License-Exempt (LE) equipment operating in the VHF/UHF TV bands.  Various suggestions were made as a follow-up to the proposal from 802.18 to agree with the Part 15.209(a) level as suggested by the FCC in its NPRM.  The problem of desensitization of DTV receivers by LE devices was also highlighted in the MSTV/NAB comments.





This begged for more reflection on the actual out-of-band rejection that would actually be needed at the LE devices based on a sound approach and actual needs.  This document develops a rationale for an out-of-band RF out-of-band emission template that avoids an unnecessary stringent rejection for the close-in adjacent channels while taking into account a limited desensitization at the DTV receivers.
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