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1 Introduction
This contribution discusses the out-of-band unwanted emission of LTE BS in 817-824 MHz/862-869 MHz (ESMR band) in order to protect the public safety, Business and Industrial Land Transportation (B/ILT), and non-cellular SMR systems deployed in the range 806-816 MHz/851-861 MHz. A text proposal is provided for E850 TR[1].
2 Simulation results and analysis
2.1
The requirement
The unwanted emission requirement with regard to the FCC and RSS-119 is shown in Table 1. 

We consider the range 817-824/862-869 MHz and unwanted emissions below the block edge at 817 MHz for UE and the block edge at 862MHz for BS in particular.
	Table 1: Unwanted emission requirement from FCC 90.691 and RSS-119
△f from the channel edge
	Unwanted emission
	RBW

	12.5kHz ~37.5kHz
	-20dBm / 5.2dBm
	300Hz / 100kHz

	>37.5kHz 
	-13dBm
	100kHz


(f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.
2.1.3 BS interference into Public Safety
Here we consider the interference from an aggressor BS in the ESMR band 817-824/862-869 MHz to a victim Public Safety service below 861 MHz (use of the Expansion Band) with regard to the applicable FCC emission limits describe in Section 5.3.2.1.
In TS 36.104 section 6.6.3.3, additional operating band unwanted emission limits for E-UTRA band < 1GHz comes from FCC rule Title 47 part 22. The comparison of the additional requirements in TS 36.104 with the requirements from FCC 90.691 and RSS-119 is shown in Figure 1. For example, the higher channel edge of the carrier is at 865MHz.
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Figure 1 Comparison of additional requirements in 36.104 with FCC 90.691
As can be seen from the figure above, the requirements from FCC 90.691 and RSS-119 are much stricter than additional requirements defined in TS 36.104. 

Simulations for 1.4MHz, 3MHz and 5MHz with 300Hz and 100 kHz RBW are carried out to evaluate the emission requirements from FCC 90.691 and RSS-119. Simulation assumptions are listed below:

1) RB allocation for different channel bandwidth: Maximum RB’s

2) Output power: Max 43dBm

3) Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
Figure 2 shows the results for a 5 MHz channel with its lower edge at 862 MHz, hence a 0.2425 MHz guard between the ESMR lower edge and the lowest PRB of the transmission configuration. The ACLR of the PA model is 45dBc and the RBW of the spectrum is 300Hz. The limit of -20 dBm/0.3 kHz could be met easily at an offset between 12.5 kHz and 37.5 kHz for full RB allocation.
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Figure 2 Emission for the 5 MHz channel bandwidth (<=37.5kHz@300Hz RBW@45dBc@43dBm)
The results for a resolution bandwidth of 100 kHz is shown in Figure 3. For offsets greater than 37.5 kHz, the limit -13 dBm/100 kHz is not met at near end close to the channel edge based on the assumed PA model.
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Figure 3 Emission for the 5 MHz channel bandwidth (>37.5kHz@100kHz RBW@45dBc)
The ACLR of a real PA for BS should be better than 45dBc. Figure 4 shows a typical measurement ACLR for 5MHz channel bandwidth carrier at 46dBm output power. Therefore, the FCC requirements (Section 5.3.2.1) for the ESMR block could be met for BS with 5MHz channel bandwidth.
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Figure 4 Measurement ACLR for 5MHz channel bandwidth (<1GHz band)

The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 1.4 MHz channel centred at 862.7 MHz are shown in Figure 5 for 300Hz resolution bandwidth and Figure 6 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, but the limit -13 dBm/100 kHz could not be met for offsets 37.5 to about 100 kHz from the block edge at 862MHz.
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Figure 5 Emission for the 1.4 MHz channel bandwidth (<37.5kHz@300Hz RBW@55dBc)
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Figure 6 Emission for the 1.4 MHz channel bandwidth (>37.5kHz@100kHz RBW@55dBc)
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 3 MHz channel centred at 863.5 MHz are shown in Figure 7 for 300Hz resolution bandwidth and Figure 8 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, and the limit -13 dBm/100 kHz could also be met for offsets larger than 37.5 kHz from the block edge at 862MHz.
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Figure 7 Emission for the 3 MHz channel bandwidth (<37.5kHz@300Hz RBW@55dBc)
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Figure 8 Emission for the 3 MHz channel bandwidth (>37.5kHz@100kHz RBW@55dBc)
On the basis of the simulation results, we can summarize the conclusion as below:
· In the frequency region 12.5KHz <△f <37.5kHz, there could be no difficulty to meet the -20dBm/300Hz emission limit for BS with 1.4MHz, 3MHz and 5MHz channel bandwidth.

· In the frequency region △f >37.5kHz, the emission requirement of -13dBm/100kHz could be met for BS with 3MHz and 5MHz channel bandwidth. The limit -13 dBm/100 kHz is not met for offsets smaller than 100 kHz from the channel edge for the 1.4MHz channel bandwidth. Therefore, additional 100 kHz guard band is needed for 1.4MHz carrier configured at the band edge close to the public safety service. Please note that this is achieved with 55dBc ACLR at 43dBm as average performance, which is 10dB higher than minimum requirements.
3 Conclusion
In this contribution, we analyze the out-of-band unwanted emission of LTE UE and BS in 817-824 MHz/862-869 MHz (ESMR band). Based on the simulation result, the following conclusion can be drawn: 

For BS:

· In the frequency region 12.5KHz <△f <37.5kHz, it is easy to meet the -20dBm/300Hz emission limit for BS with 1.4MHz, 3MHz and 5MHz channel bandwidth.

· In the frequency region △f >37.5kHz, the emission requirement of -13dBm/100kHz from FCC rules could be met for BS with 3MHz and 5MHz channel bandwidth. The limit -13 dBm/100 kHz is not met for offsets smaller than 100 kHz from the channel edge for the 1.4MHz channel bandwidth. Therefore, additional 100 kHz guard band is needed for 1.4MHz carrier configured at the band edge close to the public safety service. Please note that this is achieved with 55dBc ACLR at 43dBm as average performance in reality, which is 10dB higher than minimum requirements.
In addition, a text proposal for BS is provided.
References
[1] 37.806 V0.3.0 (R4-103195), TR for E850 SI. 
Text proposal for E850 TR
<Start of TP>

7.2.2.1.2 BS interference into Public Safety
Here we consider the interference from an aggressor BS in the ESMR band 817-824/862-869 MHz to a victim Public Safety service below 861 MHz (use of the Expansion Band) with regard to the applicable FCC emission limits describe in Section 5.3.2.1.
In TS 36.104 section 6.6.3.3, additional operating band unwanted emission limits for E-UTRA band < 1GHz comes from FCC rule Title 47 part 22. The comparison of the additional requirements in TS 36.104 with the requirements from FCC 90.691 and RSS-119 is shown in Figure 7.2.2.1.2-1. For example, the higher channel edge of the carrier is at 865MHz.
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Figure 7.2.2.1.2-1 Comparison of additional requirements in 36.104 with FCC 90.691
As can be seen from the figure above, the requirements from FCC 90.691 and RSS-119 are much stricter than additional requirements defined in TS 36.104. 

Simulations for 1.4MHz, 3MHz and 5MHz with 300Hz and 100 kHz RBW are carried out to evaluate the emission requirements from FCC 90.691 and RSS-119. Simulation assumptions are listed below:

· RB allocation for different channel bandwidth: Maximum RB’s

· Output power: Max 43dBm

· Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
· ACLR=45dB
Figure 7.2.2.1.2-2 shows the results for a 5 MHz channel with its lower edge at 862 MHz, hence a 0.2425 MHz guard between the ESMR lower edge and the lowest PRB of the transmission configuration. The ACLR of the PA model is 45dBc and the RBW of the spectrum is 300Hz. The limit of -20 dBm/0.3 kHz could be met easily at an offset between 12.5 kHz and 37.5 kHz for full RB allocation.
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Figure 7.2.2.1.2-2 Emission for the 5 MHz channel bandwidth with 300Hz RBW
The results for a resolution bandwidth of 100 kHz is shown in Figure 7.2.2.1.2-3. For offsets greater than 37.5 kHz, the limit -13 dBm/100 kHz is not met at near end close to the channel edge based on the assumed PA model.
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Figure 7.2.2.1.2-3 Emission for the 5 MHz channel bandwidth with 100kHz RBW
The ACLR of a real PA for BS should be better than 45dBc. Figure 7.2.2.1.2-4 shows a typical measurement ACLR for 5MHz channel bandwidth carrier at 46dBm output power. Therefore, the FCC requirements (Section 5.3.2.1) for the ESMR block could be met for BS with 5MHz channel bandwidth.
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Figure 7.2.2.1.2-4 Measurement ACLR for 5MHz channel bandwidth (<1GHz band)

With regards to Figure 7.2.2.1.2-4, the simulation assumption is revised a little bit as:

· RB allocation for different channel bandwidth: Maximum RB’s

· Output power: Max 43dBm

· Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
· ACLR=55dB
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 1.4 MHz channel centred at 862.7 MHz are shown in Figure 7.2.2.1.2-5 for 300Hz resolution bandwidth and Figure 7.2.2.1.2-6 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, but the limit -13 dBm/100 kHz could not be met for offsets 37.5 to about 100 kHz from the block edge at 862MHz.
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Figure 7.2.2.1.2-5 Emission for the 1.4 MHz channel bandwidth with 300Hz RBW
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Figure 7.2.2.1.2-6 Emission for the 1.4 MHz channel bandwidth with 100kHz RBW
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 3 MHz channel centred at 863.5 MHz are shown in Figure 7.2.2.1.2-7 for 300Hz resolution bandwidth and Figure 7.2.2.1.2-8 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, and the limit -13 dBm/100 kHz could also be met for offsets larger than 37.5 kHz from the block edge at 862MHz.
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Figure 7.2.2.1.2-7 Emission for the 3 MHz channel bandwidth with 300Hz RBW
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Figure 7.2.2.1.2-8 Emission for the 3 MHz channel bandwidth with 100kHz RBW
On the basis of the simulation results, we can summarize the conclusion as below:
· In the frequency region 12.5KHz <△f <37.5kHz, it is easy to meet the -20dBm/300Hz emission limit for BS with 1.4MHz, 3MHz and 5MHz channel bandwidth.

· In the frequency region △f >37.5kHz, the emission requirement of -13dBm/100kHz from FCC rules could be met for BS with 3MHz and 5MHz channel bandwidth. The limit -13 dBm/100 kHz is not met for offsets smaller than 100 kHz from the channel edge for the 1.4MHz channel bandwidth. Therefore, additional 100 kHz guard band is needed for 1.4MHz carrier configured at the band edge close to the public safety service. Please note that this is achieved with 55dBc ACLR at 43dBm as average performance, which is 10dB higher than minimum requirements.
<End of TP>
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