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1. Introduction

In [1], UE coexistence with adjacent to nearby services to the LTE 450 band for Brazil was discussed; however, the compatibility with UHF TV broadcast was not treated and remains an open topic for the UE.  In this contribution, we analyze the UE coexistence with TV from the perspective of UE emissions, broadcast TV out-of-band emissions, and UE blocking.
2. Discussion

UE coexistence with UHF broadcast TV merits consideration due to the close frequency proximity between the two services.  As indicated in [2], there are four possible interference scenarios to evaluate associated with TV interfering with LTE service and vice versa, with respect to the basestation and to the UE.  This can be visualized in Figure 1 from [2], which is copied below for convenience.
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Figure 1.  Adjacent Services to the LTE alloted band in 450 MHz band where U/L is the LTE uplink band and the D/L is the LTE downlink band.

It can be seen in the figure that the closest TV channel is only 2 MHz separated from the upper edge of the downlink band for LTE 450.  The next channel is separated by 8 MHz.

We consider three aspects in this analysis.  First, we consider the emissions from the UE transmitting in the uplink for the LTE 450 band falling into the TV band and potentially disrupting TV reception.  Second, we consider the out-of-band emissions from the TV broadcast falling into the downlink of the LTE 450 band.  Lastly, we consider the blocking effect of the TV broadcast on the LTE 450 receiver.

UE emissions
The first aspect to consider is the UE unwanted emissions falling into the TV band.  To determine this value, there are many methods of analyses which can be performed.  Rather than reinventing the wheel, we instead refer to the extensive studies which were performed to address a similar concern of interference to TV reception at 700 MHz for Band 28 and Band 44.  In that case, the studies were done within the Asia Pacific Telecommunity in the APT Wireless Group with participation from device vendors, infra-structure vendors, TV receiver manufacturers, government regulators, network operators, and others.  The conclusion of this study [3], by consensus, was a recommendation that the UE emissions should be limited to -34 dBm/MHz over the TV band, scaled to the TV bandwidth.  This level of protection was concluded to be appropriate to protect TV reception also considering the technical and economic factors associated with UE equipment.  Subsequently, 3GPP adopted this recommendation in setting the UE emission requirements to -26.2 dBm/6 MHz and -25 dBm/8 MHz for Band 28 and Band 44, respectively.  
However, we note that the propogation characteristics at 700 MHz differ from those at 450 MHz by approximately 3.8dB.  Therefore, we revise the limit in order to maintain the same level of interference at the TV receiver as derived from the APT study for the same separation distance.  Performing this adjustment, the emission level becomes -30 dBm/6 MHz.  
Having established the target emission level required to protect broadcast TV reception, we must ensure that the LTE 450 UE is able to comply and define restrictions in transmit power and/or uplink allocation if needed.  For the LTE 450 band, we are considering channel bandwidths of up to 5 MHz with uplink in the range from 451 – 458 MHz.  While the exact frequencies for the band have not yet been agreed, it can be seen that there is at least 12 MHz separation from the edge of the uplink channel to the closest TV channel.  For a 5 MHz channel bandwidth, at this separation, the emissions are governed by the spurious domain where the limit in accordance with the ITU-R recommendation is -36 dBm/100 kHz.  Scaling this value yields an emission limit of -18 dBm/6 MHz.  Thus, in order to comply with the target emission limit of -30 dBm/6 MHz, the UE duplexing filter must provide at least 12 dB rejection at this offset.  Fortunately, we expect that the UE filter can readily provide this level of rejection.    
TV broadcast emissions

The second aspect to consider is the out-of-band emissions from the TV broadcast falling into the LTE 450 UE receive band.  The regulatory limits for digital broadcast TV are summarized in Table 3 of [2] and illustrated in Figure 3, copied here for convenience, for the worst case scenario of non-critical mask with class A transmission power (8 kW ERP) located in the nearest TV channel.  Interpreting the points on this curve as ERP levels per 6 MHz, the noise profile is estimated pointwise from the curve as shown in the table below.
	Frequency (MHz)
	TV OOBE ERP (dBm/6 MHz)

	467.5
	9

	466.5
	1

	465.5
	-8

	464.5
	-12

	463.5
	-14


The averaged value of noise within the downlink from 463 – 468 MHz is approximately -5 dBm/MHz at the TV broadcast antenna.
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Figure 2.  Class A DTV station transmission mask
To limit the degradation of reference sensitivity to 3dB, the required isolation is approximately 100 dB, disregarding antenna gain and hand and head loss.  According to the path loss propogation model presented in [2] derived from ITU-R recommendation P-1546-1, the required separation distance from the UE to the TV broadcast tower is approximately 1 km.
In practice, emissions from TV broadcasters can be much better than the regulations require.  Specifically, it may be possible to install sharper transmit filters at the broadcast station to further reduce the out-of-band emissions.  In such a case, the minimum separation distance can be reduced.
UE blocking

The last aspect to consider is the impact of UE blocking due to the high power TV broadcast in the adjacent channel. It can be seen in Figure 3 that the pertinent parameters to consider are the ACS and in-band blocking when evaluating the impact of the two nearest TV channels.



[image: image3]
For the same scenario as described above, with 100 dB isolation, the power received at the UE is approximately -31 dBm.  According to the UE minimum performance specification for adjacent channel selectivity, the UE will be highly desensed in the presence of such a strong interfering signal.  Thus, it is the UE ACS and blocking rather than the TV broadcast out-of-band emissions that is likely to be the limiting factor in determining UE performance in the presence of Channel 14 broadcast.  This is especially true if the out-of-band emissions from the TV broadcast outperform the regulatory mask.  The case 2 ACS specification indicates that a UE which receives an adjacent interfering signal as high as -25 dBm requires the desired LTE signal to be received at -56.5 dBm, which is approximately 40 dB above reference sensitivity.  For case 1 ACS, the interfering signal may be tolerated at a level of approximately -51 dBm with a desense of 14 dB.  In this case, the additional isolation required is 20 dB resulting in a path of 6.6 km.
For the blocking interference from Channel 15 broadcast, it is anticipated that the UE Rx filter will be able to provide rejection.  Initial feedback from a filter vendor suggests that 15 - 25 dB rejection is available when averaged over Channel 15.  Furthermore, the Channel 15 broadcast is in the region between case 1 and case 2 in-band blocking where the tolerance to interference is much higher than ACS.  In this case, the separation can be reduced to less than 1 km depending on the filter performance.  Greater than 40 dB filter attenuation is expected for Channel 16, so this channel can be disregarded.

For specific installations such as CPE with rooftop-mounted antennas, the minimum separation distance may be larger as shown in [2].  For those cases, the rooftop mounted antenna may be able to provide significant antenna gain (8 dBi) and if evaluated against the in-band blocking case 1 requirement of -56 dBm, the required separation was reported to be 27.4 km.  However, in these cases, the antenna is in a fixed location and is directional, so interference mitigation can be more easily achieved by exploiting directionality.  Additional filtering may also be possible on an external rooftop mount.  

The problem of UE blocking can be partially mitigated by several methods.  The first is to assume that actual UE devices will have better ACS and blocking performance than dictated by the minimum performance specification.  Indeed, this may be the case, especially under nominal conditions, though it cannot be guaranteed.  However, these are implementation-specific aspects which are outside of the scope of 3GPP.  A second approach is to rely on attenuation from the Rx filter in the UE.  In the worst case, the filter can not guarantee any attenuation at 2 MHz offset.  Thus, attenuation of a TV signal on Channel 14 cannot be guaranteed.  However, meaningful attenuation can be achieved in Channel 15 and beyond.  Lastly, exclusion zones and increased basestation deployment in locations of strong Channel 14 interference may be an option in specific deployment scenarios to improve the signal-to-inteference ratio.
We note that the situation described here bears similarity to other scenarios previously considered in 3GPP.  For example, in the US 700 MHz bands a high power DTV broadcast centered at 725 MHz is potentially an interfering signal to the downlink of Bands 12 and 17.  For the case of Band 12, the edge-to-edge separation is 1 MHz which is similar to the situation here.  The solution for Band 12 was to rely upon deployment techniques, exclusion zones, and to accept the risk of interference and outage under worst case conditions rather than to specify an ACS requirement on the UE.  Such a requirement would have been inconsistent with the Rx linearity requirement for any other band and so it was concluded that other deployment techniques to address the problem would be preferable.  For Band 17, an increased separation is available so that the UE filter can provide attenuation.  This is similar to the Channel 15 scenario described here.  As another example, in Europe, the uppermost TV broadcast channel extends to 790 MHz, which is also only 1 MHz separated from the downlink of Band 20, yet there is no explicit additional UE blocking requirement since the problem is addressed otherwise in deployment.
Proposal

We propose that no supplementary specifications for emissions, ACS, or blocking be defined for the LTE 450 UE to address coexistence with UHF TV broadcast.  The analysis in this paper has shown that UE emissions into the TV band will be well controlled and that out-of-band and blocking interference from adjacent TV channel 14 may require specific site deployment solutions and/or that the operator accept an increased risk of outage in worst case conditions.  Adding requirements to the specification that can be met with existing state-of-the-art technology will not change this situation since the worst case can be quite severe.  On the other hand, adding new requirements which do not fully address the coexistence condition in the worst case may also imply that additional site solutions or other techniques are not needed.  We note that a similar approach has been adopted for other bands with similar circumstances.  Therefore, in light of the timeline and obligation for deployment of this Band for LTE in Brazil, the limited value that additional requirements would provide, and the possibility of misinterpretation of adding new requirements which do not fully resolve the worst case coexistence condition, we propose that no new requirements be specified by 3GPP for the purpose of UE coexistence with TV and that in the case that problems are experienced, that they be resolved by site specific deployment solutions.
3. Conclusion
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7.1 
Coexistence with existing systems in adjacent spectrum 
7.1.1 
UE 
7.1.1.3 
Receiver
UE coexistence with UHF broadcast TV merits consideration due to the close frequency proximity between the two services.  As indicated in [12], there are four possible interference scenarios to evaluate associated with TV interfering with LTE service and vice versa, with respect to the basestation and to the UE. This can be visualized in Figure 7.1.1.3-1 from [12], which is copied below for convenience.
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Figure 7.1.1.3-1.  Adjacent Services to the LTE alloted band in 450 MHz band where U/L is the LTE uplink band and the D/L is the LTE downlink band.

It can be seen in the figure that the closest TV channel is only 2 MHz separated from the upper edge of the downlink band for LTE 450.  The next channel is separated by 8 MHz.

We consider three aspects in this analysis.  First, we consider the emissions from the UE transmitting in the uplink for the LTE 450 band falling into the TV band and potentially disrupting TV reception.  Second, we consider the out-of-band emissions from the TV broadcast falling into the downlink of the LTE 450 band.  Lastly, we consider the blocking effect of the TV broadcast on the LTE 450 receiver.

UE emissions

The first aspect to consider is the UE unwanted emissions falling into the TV band.  To determine this value, there are many methods of analyses which can be performed.  Rather than reinventing the wheel, we instead refer to the extensive studies which were performed to address a similar concern of interference to TV reception at 700 MHz for Band 28 and Band 44.  In that case, the studies were done within the Asia Pacific Telecommunity in the APT Wireless Group with participation from device vendors, infra-structure vendors, TV receiver manufacturers, government regulators, network operators, and others.  The conclusion of this study [13], by consensus, was a recommendation that the UE emissions should be limited to -34 dBm/MHz over the TV band, scaled to the TV bandwidth.  This level of protection was concluded to be appropriate to protect TV reception also considering the technical and economic factors associated with UE equipment.  Subsequently, 3GPP adopted this recommendation in setting the UE emission requirements to -26.2 dBm/6 MHz and -25 dBm/8 MHz for Band 28 and Band 44, respectively.  

However, we note that the propogation characteristics at 700 MHz differ from those at 450 MHz by approximately 3.8dB.  Therefore, we revise the limit in order to maintain the same level of interference at the TV receiver as derived from the APT study for the same separation distance.  Performing this adjustment, the emission level becomes -30 dBm/6 MHz.  

Having established the target emission level required to protect broadcast TV reception, we must ensure that the LTE 450 UE is able to comply and define restrictions in transmit power and/or uplink allocation if needed.  For the LTE 450 band, we are considering channel bandwidths of up to 5 MHz with uplink in the range from 451 – 458 MHz.  While the exact frequencies for the band have not yet been agreed, it can be seen that there is at least 12 MHz separation from the edge of the uplink channel to the closest TV channel.  For a 5 MHz channel bandwidth, at this separation, the emissions are governed by the spurious domain where the limit in accordance with the ITU-R recommendation is -36 dBm/100 kHz.  Scaling this value yields an emission limit of -18 dBm/6 MHz.  Thus, in order to comply with the target emission limit of -30 dBm/6 MHz, the UE duplexing filter must provide at least 12 dB rejection at this offset.  Fortunately, we expect that the UE filter can readily provide this level of rejection.    

TV broadcast emissions

The second aspect to consider is the out-of-band emissions from the TV broadcast falling into the LTE 450 UE receive band.  The regulatory limits for digital broadcast TV are summarized in Table 3 of [12] and illustrated in Figure 3, copied here for convenience, for the worst case scenario of non-critical mask with class A transmission power (8 kW ERP) located in the nearest TV channel.  Interpreting the points on this curve as ERP levels per 6 MHz, the noise profile is estimated pointwise from the curve as shown in the table below.

	Frequency (MHz)
	TV OOBE ERP (dBm/6 MHz)

	467.5
	9

	466.5
	1

	465.5
	-8

	464.5
	-12

	463.5
	-14


The averaged value of noise within the downlink from 463 – 468 MHz is approximately -5 dBm/MHz at the TV broadcast antenna.
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Figure 7.1.1.3-2.  Class A DTV station transmission mask
To limit the degradation of reference sensitivity to 3dB, the required isolation is approximately 100 dB, disregarding antenna gain and hand and head loss.  According to the path loss propogation model presented in [12] derived from ITU-R recommendation P-1546-1, the required separation distance from the UE to the TV broadcast tower is approximately 1 km.
In practice, emissions from TV broadcasters can be much better than the regulations require.  Specifically, it may be possible to install sharper transmit filters at the broadcast station to further reduce the out-of-band emissions.  In such a case, the minimum separation distance can be reduced.

UE blocking

The last aspect to consider is the impact of UE blocking due to the high power TV broadcast in the adjacent channel. It can be seen in Figure 7.1.1.3-3 that the pertinent parameters to consider are the ACS and in-band blocking when evaluating the impact of the two nearest TV channels.
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For the same scenario as described above, with 100 dB isolation, the power received at the UE is approximately -31 dBm.  According to the UE minimum performance specification for adjacent channel selectivity, the UE will be highly desensed in the presence of such a strong interfering signal.  Thus, it is the UE ACS and blocking rather than the TV broadcast out-of-band emissions that is likely to be the limiting factor in determining UE performance in the presence of Channel 14 broadcast.  This is especially true if the out-of-band emissions from the TV broadcast outperform the regulatory mask.  The case 2 ACS specification indicates that a UE which receives an adjacent interfering signal as high as -25 dBm requires the desired LTE signal to be received at -56.5 dBm, which is approximately 40 dB above reference sensitivity.  For case 1 ACS, the interfering signal may be tolerated at a level of approximately -51 dBm with a desense of 14 dB.  In this case, the additional isolation required is 20 dB resulting in a path of 6.6 km.

For the blocking interference from Channel 15 broadcast, it is anticipated that the UE Rx filter will be able to provide rejection.  Initial feedback from a filter vendor suggests that 15 - 25 dB rejection is available when averaged over Channel 15.  Furthermore, the Channel 15 broadcast is in the region between case 1 and case 2 in-band blocking where the tolerance to interference is much higher than ACS.  In this case, the separation can be reduced to less than 1 km depending on the filter performance.  Greater than 40 dB filter attenuation is expected for Channel 16, so this channel can be disregarded.

For specific installations such as CPE with rooftop-mounted antennas, the minimum separation distance may be larger as shown in [12].  For those cases, the rooftop mounted antenna may be able to provide significant antenna gain (8 dBi) and if evaluated against the in-band blocking case 1 requirement of -56 dBm, the required separation was reported to be 27.4 km.  However, in these cases, the antenna is in a fixed location and is directional, so interference mitigation can be more easily achieved by exploiting directionality.  Additional filtering may also be possible on an external rooftop mount.  

The problem of UE blocking can be partially mitigated by several methods.  The first is to assume that actual UE devices will have better ACS and blocking performance than dictated by the minimum performance specification.  Indeed, this may be the case, especially under nominal conditions, though it cannot be guaranteed.  However, these are implementation-specific aspects which are outside of the scope of 3GPP.  A second approach is to rely on attenuation from the Rx filter in the UE.  In the worst case, the filter can not guarantee any attenuation at 2 MHz offset.  Thus, attenuation of a TV signal on Channel 14 cannot be guaranteed.  However, meaningful attenuation can be achieved in Channel 15 and beyond.  Lastly, exclusion zones and increased basestation deployment in locations of strong Channel 14 interference may be an option in specific deployment scenarios to improve the signal-to-inteference ratio.

We note that the situation described here bears similarity to other scenarios previously considered in 3GPP.  For example, in the US 700 MHz bands a high power DTV broadcast centered at 725 MHz is potentially an interfering signal to the downlink of Bands 12 and 17.  For the case of Band 12, the edge-to-edge separation is 1 MHz which is similar to the situation here.  The solution for Band 12 was to rely upon deployment techniques, exclusion zones, and to accept the risk of interference and outage under worst case conditions rather than to specify an ACS requirement on the UE.  Such a requirement would have been inconsistent with the Rx linearity requirement for any other band and so it was concluded that other deployment techniques to address the problem would be preferable.  For Band 17, an increased separation is available so that the UE filter can provide attenuation.  This is similar to the Channel 15 scenario described here.  As another example, in Europe, the uppermost TV broadcast channel extends to 790 MHz, which is also only 1 MHz separated from the downlink of Band 20, yet there is no explicit additional UE blocking requirement since the problem is addressed otherwise in deployment.

Proposal

We propose that no supplementary specifications for emissions, ACS, or blocking be defined for the LTE 450 UE to address coexistence with UHF TV broadcast.  The analysis in this paper has shown that UE emissions into the TV band will be well controlled and that out-of-band and blocking interference from adjacent TV channel 14 may require specific site deployment solutions and/or that the operator accept an increased risk of outage in worst case conditions.  Adding requirements to the specification that can be met with existing state-of-the-art technology will not change this situation since the worst case can be quite severe.  On the other hand, adding new requirements which do not fully address the coexistence condition in the worst case may also imply that additional site solutions or other techniques are not needed.  We note that a similar approach has been adopted for other bands with similar circumstances.  Therefore, in light of the timeline and obligation for deployment of this Band for LTE in Brazil, the limited value that additional requirements would provide, and the possibility of misinterpretation of adding new requirements which do not fully resolve the worst case coexistence condition, we propose that no new requirements be specified by 3GPP for the purpose of UE coexistence with TV and that in the case that problems are experienced, that they be resolved by site specific deployment solutions.

7.1.2 
eNB 
<Text will be added>
<< End of Text Proposal >>

Figure � SEQ Figure \* ARABIC �3�.  Relationship of TV channels to LTE 450 Rx band.
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Figure 7.1.1.3-� SEQ Figure \* ARABIC �3�.  Relationship of TV channels to LTE 450 Rx band.
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