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1
Introduction

Global roaming bands are key for the success of a mobile technology. A set of candidate global bands were discussed in [1], a harmonized Band 26/XXVI was included as one of the bands below 1 GHz. Currently, this band is defined for specific deployments in certain geographical areas. To be able to promote this band as global, the requirements for co-existence should be more general. Technology independent deployment (E-UTRA and UTRA) in the band should also be facilitated. 

Public Safety protection below Band 26/XXVI has been defined as -42dBm/6.25kHz. Three different network signaling values with associated A-MPR have been included in the specifications to be able to fulfill such emission limit depending on position of the E-UTRA carrier as well as the channel bandwidth tailored to specific operator scenarios. AMPR is not defined for UTRA, a guard band between PS and the position of the UTRA carrier needs to be defined [2], [3], a chunk of Band XXVI spectrum becomes then unused, especially for DC-HSUPA deployments. 
The regulatory requirement for protection of Public Safety UL (806-816 MHz) is defined as -13dBm/100kHz. A margin towards this requirement is desirable. The -42dBm/6.25kHz minimum requirement was defined based on type approval data for a set of iDEN devices [4] as there has been no recorded cases of uplink interference complaints from the public safety community to date. 
In this paper we present simulated public safety performance to study the impact of varying E-UTRA emissions limits into the public-safety uplink. The aim is to review the existing -42dBm/6.25kHz emission limit. PS UL protection needs to be ensured, while the emission limits should not penalize E-UTRA and UTRA operation if not required. For this initial study we assume 6.25 kHz PS channel bandwidth and the same system assumptions than in [5] to allow for comparison. Public-safety UE’s are subject to Mask B and all channels are allocated within a 3 MHz system bandwidth. Further studies considering different PS channel bandwidth, channel spacing and emission masks are needed to establish conclusions.
2
Discussion

2.1
Simulation assumptions
The LTE and NB PS parameters used in the simulations are taken from [5] and shown in Table 2.1-1 and Table 2.1-2. In addition, macro cell propagation model (urban area) is used,
Table 2.1-1. LTE parameters
	
	Base Station
	UE

	Carrier frequency
	850 MHz

	Channel bandwidth
	5 MHz

	Cell radius
	1.0 km / 2.0 km / 4.0 km 

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
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q

 = 65 degrees, Am = 20 dB
	Antenna gain + body loss= -10 dBi 

	Noise figure
	5 dB
	9 dB

	Transmit power
	43 dBm
	23 dBm

	Antenna height
	30 m
	1.5 m


Table 2.1-2. PS parameters

	
	Base Station
	Device

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz

	Cell radius
	8 km

	Antenna height
	100 m from ground 
	1.5m

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
	11 dBi omni-directional
	Antenna gain + body loss =-6 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	45 dBm
(after combiner loss)
	36 dBm

	SINR Threshold
	16.5 dB
	16.5 dB

	Effective Noise Bandwidth (ENBW)
	6.25 kHz
	6.25 kHz

	Noise Floor 
	-130.3dBm / 6.25 kHz
	-126.3dBm / 6.25 kHz

	Sensitivity
	-113.8dBm / 6.25 kHz
	-109.8dBm / 6.25 kHz


2.2
Simulation results

Monte-Carlo simulations were performed for 1, 2 and 4 km LTE cell radius. The spectrum emission mask for PS devices was chosen as Emission Mask B (according to § 90.210, see Annex A). The simulation results for the three different LTE cell sizes are similar. Figure 2.2-1 shows the case of 1km LTE cell radius. Different Band 26/XXVI OOBE were considered in the simulations: the current UE emission requirement towards PS UL, -42dBm/6.25kHz; the FCC PS DL requirement in the 700 MHz band, -35dBm/6.25kHz, and a middle emission level of -38dBm/6.25kHz. It can be seen in Figure 2.2-1 that the effect of the LTE interference is negligible in PS UL, it is the PS intra-system interference limiting the UL performance for a 6.25 kHz channel spacing and emissions compliant to mask B assuming that all channels in the 3 MHz PS system are occupied. The average outage is an excessive 53.39% independently of the emissions received from LTE UE’s. Outage is defined as users with SINR below the threshold defined in Table 2.1-2. 
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Figure 2.2-1. SINR CDF for an LTE cell radius=1km and PS UE emission mask B
Noting that there are different applicable emission masks for PS UE and that the risk of interference with Mask B and insufficient adjacent channel spacing is recognized, we used a more stringent mask for the same PS system of 6.25kHz bandwidth. Figure 2.2-2 shows SINR for an LTE cell radius of 1 and 4 km when the PS UE emission mask is tightened by 35dB for the adjacent channels. Note that this tightening is not an FCC requirement and was chosen to verify that a tighter PS UE emission mask would show more inter-system interference. We can now observe that the OOBE from an LTE UE affects the PS UL performance. The average outage is about 1% without any interference and up to 5% and 2.4% for 1 and 4 km, respectively, when for the OOBE from a Band 26 UE is -35dBm/6.25kHz
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Figure 2.2-2. CDF for SINR for an LTE cell radius=1km (left) and 4km (right) and PS UE emission mask tighter than emission mask B

In view of the different results in Figure 2.2-1 and Figure 2.2-2, public-safety channel bandwidths, channel spacing and emission masks should be considered to obtain a proper conclusion on the necessary PS UL protection

3
Conclusion

In this contribution, we have studied the effect of different spurious emission levels from a Band 26 UE into PS UL 806-816 MHz. While PS UL protection needs to be ensured, Band 26 UE spurious emissions towards this part of the spectrum should be carefully studied since an over-specified limit would imply a penalty on AMPR for Band 26 and guard band  (i.e. unused spectrum) for Band XXVI UE’s.
Simulation results have been presented for a 6.25kHz PS system with 6.25 kHz spacing, which UEs follow emission mask B and where all channels are occupied within the system bandwidth of 3 MHz. It was found that intra-system interference is the limiting factor in this case, noting an excessive outage in the system. The same outage in the PS system will then appear in presence of a LTE interference independently of its OOBE. The impact of different Band 26/XXVI UE spurious emissions into PS UL was also studied in [5] and concluded that emissions from LTE UE’s do indeed affect PS UL performance. Comparing results in [5] with the ones in this contribution, it seems that there is a need to agree on the different parameters for this set of simulations in order to make a proper assessment on the required UE spurious emissions from a Band 26/XXVI UE to ensure PS UL protection without imposing unnecessary penalty in Band 26/XXVI devices. The parameters are listed below:

· PS channel bandwidth and channel spacing. Previous simulations have used 6.25kHz channel bandwidth. To be able to compare results, the same assumption has been used in the simulations presented in this contribution, as well as 6.25 kHz channel spacing. § 90.209 (see Annex A) defines 20 kHz authorized bandwidth with a channel spacing equal to 12.5 kHz or 25 kHz. 
· PS traffic load. How to allocate the channels in a PS system is an important parameter for intra-system interference. This is not a regulatory requirement; a realistic scenario needs to be discussed.
· PS UE emission mask. § 90.210 (refer to Annex A) specifies the PS UE emission mask as emission mask B for equipment with Audio low pass filter and emission mask G or H for equipment without Audio los pass filter in the 800MHz band.
· PS SINR threshold. Different SINR levels define specific speech quality. It is confirmed in [6] that 16.5 dB SINR translates into an understandable speech with slight effort based on real product. SINR equal to 20dB will offer an understandable speech with repetition only rarely required.
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Annex A

§ 90.210   Emission masks.

Except as indicated elsewhere in this part, transmitters used in the radio services governed by this part must comply with the emission masks outlined in this section. Unless otherwise stated, per paragraphs (d)(4), (e)(4), and (m) of this section, measurements of emission power can be expressed in either peak or average values provided that emission powers are expressed with the same parameters used to specify the unmodulated transmitter carrier power. For transmitters that do not produce a full power unmodulated carrier, reference to the unmodulated transmitter carrier power refers to the total power contained in the channel bandwidth. Unless indicated elsewhere in this part, the table in this section specifies the emission masks for equipment operating in the frequency bands governed under this part.

Applicable Emission Masks

	Frequency band (MHz)
	Mask for equipment with Audio low pass filter
	Mask for equipment without audio low pass filter

	--- 
	
	

	806–809/851–854
	B
	H

	809–824/854–8693
	B
	G

	---
	
	

	All other bands
	B
	C


3Equipment used in this licensed to EA or non-EA systems shall comply with the emission mask provisions of §90.691.

 (b) 
Emission Mask B. For transmitters that are equipped with an audio low-pass filter, the power of any emission must be attenuated below the unmodulated carrier power (P) as follows:

(1) 
On any frequency removed from the assigned frequency by more than 50 percent, but not more than 100 percent of the authorized bandwidth: At least 25 dB.

(2) 
On any frequency removed from the assigned frequency by more than 100 percent, but not more than 250 percent of the authorized bandwidth: At least 35 dB.

(3)
 On any frequency removed from the assigned frequency by more than 250 percent of the authorized bandwidth: At least 43 + 10 log (P) dB.

h) 
Emission Mask H. For transmitters that are not equipped with an audio low-pass filter, the power of any emission must be attenuated below the unmodulated carrier power (P) as follows:

(1) 
On any frequency removed from the center of the authorized bandwidth by a displacement frequency (fdin kHz) of 4 kHz or less: Zero dB.

(2) 
On any frequency removed from the center of the authorized bandwidth by a displacement frequency (fdin kHz) of more than 4 kHz, but no more than 8.5 kHz: At least 107 log (fd/4) dB;

(3) 
On any frequency removed from the center of the authorized bandwidth by a displacement frequency (fdin kHz) of more than 8.5 kHz, but no more than 15 kHz: At least 40.5 log (fd/1.16) dB;

(4) 
On any frequency removed from the center of the authorized bandwidth by a displacement frequency (fdin kHz) of more than 15 kHz, but no more than 25 kHz: At least 116 log (fd/6.1) dB;

(5) 
On any frequency removed from the center of the authorized bandwidth by more than 25 kHz: At least 43 + log (P) dB.

(g) 
Emission Mask G. For transmitters that are not equipped with an audio low-pass filter, the power of any emission must be attenuated below the unmodulated carrier power (P) as follows:

(1) 
On any frequency removed from the center of the authorized bandwidth by a displacement frequency (fdin kHz) of more than 10 kHz, but no more than 250 percent of the authorized bandwidth: At least 116 log (fd/6.1) dB, or 50 + 10 log (P) dB, or 70 dB, whichever is the lesser attenuation;

(2) 
On any frequency removed from the center of the authorized bandwidth by more than 250 percent of the authorized bandwidth: At least 43 + 10 log (P) dB.

§ 90.209   Bandwidth limitations.

(a ) Each authorization issued to a station licensed under this part will show an emission designator representing the class of emission authorized. The designator will be prefixed by a specified necessary bandwidth. This number does not necessarily indicate the bandwidth occupied by the emission at any instant. In those cases where §2.202 of this chapter does not provide a formula for the computation of necessary bandwidth, the occupied bandwidth, as defined in part 2 of this chapter, may be used in lieu of the necessary bandwidth.

(b) The maximum authorized single channel bandwidth of emission corresponding to the type of emission specified in §90.207 is as follows:

(1) For A1A or A1B emissions, the maximum authorized bandwidth is 0.25 kHz. The maximum authorized bandwidth for type A3E emission is 8 kHz.

(2) For operations below 25 MHz utilizing J3E emission, the bandwidth occupied by the emission shall not exceed 3000 Hz. The assigned frequency will be specified in the authorization. The authorized carrier frequency will be 1400 Hz lower in frequency than the assigned frequency. Only upper sideband emission may be used. In the case of regularly available double sideband radiotelephone channels, an assigned frequency for J3E emissions is available either 1600 Hz below or 1400 Hz above the double sideband radiotelephone assigned frequency.

(3) For all other types of emissions, the maximum authorized bandwidth shall not be more than that normally authorized for voice operations.

(4) Where a frequency is assigned exclusively to a single licensee, more than a single emission may be used within the authorized bandwidth. In such cases, the frequency stability requirements of §90.213 must be met for each emission.

(5) Unless specified elsewhere, channel spacings and bandwidths that will be authorized in the following frequency bands are given in the following table.
Standard Channel Spacing/Bandwidth

	Frequency band (MHz)
	Channel spacing (kHz)
	Authorized bandwidth (kHz)

	-
	
	

	806–809/851–854
	12.5
	20

	809–824/854–869
	25
	20

	--
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