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1    Background 
In Region 2 there is a Public Safety (PS) downlink band in the duplex gap of Band 13. It consists of a broadband part in 763-768 MHz and a narrowband in 769-775 MHz (Figure 1). The latter is the most critical in terms of Band 13 emission and must be sufficiently protected. There is a regulatory limit that for a 23 dBm UE implies a spurious emission limit of -35 dBm/6.25 kHz, and this has been introduced into [1]. There is also a general clause in FCC Part 27.64 governing harmful interference, see the excerpt in Figure 2. 
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Figure 1 The public safety band and Band 13 (essentially Block C)
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Figure 1: part 27.64 on protection of interference
In this contribution we look at the emission levels produced by a LTE 10 MHz signal. It has been proposed to standardize scheduling restrictions in terms of RB allocations and power to resolve the problems. However, it turns out that this would not guarantee that the FCC limit is satisfied in all cases if 23 dBm output power is used. Moreover, scheduling behaviour is normally not standardized.
Part 27.54 is written in general terms and there may be required modification to the wireless system even if the spurious emission limit is satisfied. It is therefore proposed to allow some back-off for Power Class 3 in order to provide some margin to the FCC requirements whilst still allowing allocation of wide LTE uplink transmissions. The spurious emission limit should still be the regulatory limit particularly since the victim system characteristics are not known.
2    Interference into PS

We consider interference into the narrowband part of the public safety spectrum in 769-775 MHz. This is dedicated to general narrowband services with a bandwidth of 6.25 kHz although up to four channels can be aggregated to form 25 kHz channels (e.g. for TETRA-type of systems). Some of the applications are low-power on-scene incident response purposes where the devices are limited to 2 W eirp in short range, but the spectrum is open to general NB services so we assume a 6.25 kHz bandwidth for land mobile radio/trunking applications. The victim system is not known so we have to be content with a general analysis.
Assuming a worst-case UE-UE interference scenario then the desense in static conditions should not be more than 3 dB, which corresponds to an I/N = 0 dB case so the allowed LTE interference in 6.25 kHz is

-174 dB[mw/Hz] + 9 dB (NF) + 38 dBHz = -127 dBm/6.25kHz 

Furthermore, assuming a 1 m separation distance and a 20 dB antenna and body loss, the coupling loss at 700 MHz is


32.4 + 20log10(0.7) + 20 = 49 dB

so the emission limit must then be -78 dBm/6.25kHz = -66 dBm/100 kHz assuming uniform emission, which is 43 dB below the FCC limit.  

It has been proposed to use a -50 dBm/100kHz = -62 dBm/6.25kHz emission limit to protect public safety (unknown victim), this would correspond to a 5 m free-space separation (65 dB coupling loss) w r t to the static interference criterion at the spurious emission frequency. The FCC spurious limit corresponds to a 100 m separation distance in free-space. If other objects are present in between the LTE and PS UEs the distance can be shorter.  Another alleviating factor is that the PS system must be designed to accommodate some fading margin (narrowband service) that is presumably of Rayleigh type at the PS cell border. A desense with then correspond to a reduction of this margin and a higher risk of interference, but may not imply total interruption of the NB service. Furthermore the LTE interference is not static.
We sum up by noting that a deterministic interference analysis based on worst case would imply spurious limits > 25 dB below the required regulatory limit. This would imply severe restrictions on the LTE UE uplink in Block C as we shall see in the next section.
3    Estimated spurious emission
To look at spurious emission into PS NB simulations have been performed with a model of a realistic transmitter front-end including a non-linear PA. We assume that MPR must be applied for the larger PRB allocation also for QPSK for we consider allocations larger of equal to 10 PRB. The maximum output power is then 22 dBm = 23 dBm – 1 dB MPR. The impact of the TX duplex filter has not been considered and is not likely to provide any attenuation just outside the LTE band at 775 MHz but will provide some additional attenuation at the far PS NB band edge at 769 MHz.  The IQ imbalance assumed is -27 dB, i.e. suppression of the image.  

The purpose is to calculate the maximum spurious emission in any 6.25 kHz channel in the band 769-775 MHz due to a 10 MHz LTE channel with different PRB allocation in Band 13. The most critical part is normally that just outside the LTE UL. Tables 1 and 2 show the resulting spurious emissions into the PS band from a UE with maximum transmission configuration for both QPSK and 16QAM. The RB allocation is taken closest to the PS band (assuming 90% bandwith utilization and hence up to 50 PRB). The worst case is for about 30 RB but small differences in general.
.
Table 1: Band 13, QPSK, 10 MHz, max dBm/6.25 kHz in PS band

	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	22.0

	-39.4
	-38.5
	-38.2

	-38.3

	-38.4

	-39.1


	21.0

	-42.6
	-43.3
	-44.1

	-44.3

	-44.2

	-45.2


	20.0

	-46.1
	-47.3
	-48.2

	-48.6

	-48.6

	-49.5


	19.0

	-49.7
	-49.3
	-49.8

	-50.0

	-50.3

	-50.7



Table 2: Band 13, 16QAM, 10 MHz, max dBm/6.25 kHz in PS band
	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	21.0

	-42.2
	-40.8
	-40.2

	-40.7

	-40.8

	-41.4


	20.0

	-45.3
	-44.7
	-44.7

	-45.1

	-45.5

	-46.4


	19.0

	-48.7
	-48.2
	-48.2

	-48.3

	-48.6

	-49.0



Some back-off could be needed to have a margin to the FCC spurious emission considering the general formulations in FCC Part 27.64. Table 3 shows the results for PRB allocation at the far end of the LTE channel, away from the PS band.
Table 3: Band 13, QPSK, 10 MHz, max dBm/6.25 kHz in PS band, PRB at the far end
	Pout [dBm]
	15 RB
	20 RB
	25 RB
	30 RB
	40 RB
	50 RB

	22.0

	-56.9
	-53.3
	-50.4
	-47.7
	-40.7
	-39.1


	21.0

	-59.5
	-57.4
	-54.1
	-49.9

	-46.0

	-45.2


	20.0

	-63.3
	-62.2
	-57.7
	-53.4
	-50.4
	-49.5


	19.0

	-67.2
	-67.2
	-61.6
	-57.0
	-52.0
	-50.7



Hence the emission limits into PS are now generally lower as expected. 

It follows that the FCC limit of -35 dBm/6.25 kHz can be met in all cases, which suggests that the maximum PRB allocation (50 PRB) can be used at 22 dBm output power. Now, assuming a -50 dBm/100kHz = -62 dBm/6.25kHz, 27 dB below FCC, this implies that

· UL transmission limited to 15-25 RB allocation at far edge (Table 2) of 10 MHz with power output < 19 dBm in all circumstances
in order to fully guarantee this level of protection.
However, a single PRB may in fact produce a more difficult case. Next consider the impact of the image (due to IQ imbalance) which may create a response in the PS band due to mixing with the allocated PRB. If we assume a 23 dBm single PRB at an unfortunate position (e.g. 1.8 MHz from the edge of the transmission configuration) a response that slightly exceeds the FCC limit is produced in the mid part of the PS band (no duplexer attenuation assumed). This suggests that e.g. scheduling behaviour would be difficult to devise in a general case even if the FCC limit is adopted.
A limitation of the output power will of course improve the situation: a reduction of the output power to 21 dBm for QPSK (20 dBm for 16QAM) would produce a margin to the FCC requirement of 10 dB even with full allocation, and the 1 PRB case would also be alleviated. 
3   Discussion
It has been proposed to standardize the uplink scheduling in terms of putout power and PRB allocation in order to satisfy the stringent requirement. However, the results above suggest that this would imply a severe limitation of LTE uplink at a protection level that is significantly lower than the regulatory requirement. Furthermore, the 1 PRB results show that a standardized scheduling format would be intricate just in order to satisfy the significantly more relaxed FCC requirement. 
It is therefore proposed not to standardize the scheduling behaviour, which has hitherto also been the general practice for other systems.

Now, Part 27.54 is general and states that FCC may require modification of the LTE system even if the spurious limit is satisfied (after allowing for hearing) in case serious interference occurs. To provide some margin in the general case one could consider a back-off of the output power to 21 dBm which would provide a 10 dB margin to the FCC emission requirement. This could be captured for PC3 by introducing a lower nominal output power in TS 36.101 for Band 13 but with the tolerance accommodating for a 2 dB general backoff. This does not preclude operation at 23 dBm for some PRB allocations 
Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1

(dBm)
	Tolerance

(dB)
	Class 2

(dBm)
	Tolerance

(dB)
	Class 3

(dBm)
	Tolerance

(dB)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	
	

	…
	
	
	
	
	…
	…
	
	

	12
	
	
	
	
	23
	(2
	
	

	13
	
	
	
	
	21
	+4/-2
	
	

	14
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	
	
	
	

	Note 

1. The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support  5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS


The spurious limit in the PS band should still be that specified by FCC as shown in the table below (from TS 36.101v8.2.0).
Table 6.6.3.2-1: Requirements

	E-UTRA   Band
	Spurious emission limits

	
	Protection Band
	FDL_low  – FDL_high
	Level
	Bandwidth
	Comment

	
	
	(MHz)
	(dBm)
	(MHz)
	

	13
	2
	1930
	-
	1990
	[-50]
	1
	

	
	4
	2110
	-
	2155
	[-50]
	1
	

	
	5
	869
	-
	894
	[-50]
	1
	

	
	10
	2110
	-
	2170
	[-50]
	1
	

	
	13
	746
	-
	756
	[-50]
	1
	

	
	14
	758
	-
	768
	[-50]
	1
	

	
	Regulatory3
	763
	-
	775
	-35
	0.00625
	

	
	
	
	
	
	
	
	

	Note 

1 Indicates split band protection requirements are applicable 

2 A number of exceptions are permitted and is FFS. For these exceptions the requirements of Table 6.6.3.1-2 are applicable
3 For band which are identified as “Regulatory”, regional requirement are applicable. 
4 To meet these requirements some restriction will be needed for either the operating band or protection band 
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