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1. Introduction
This document looks at the co-existence issue at Band 26 (B26) FUL_high (i.e. 849 MHz) with adjacent services narrow band public safety (PSNB) systems at 851MHz. The scenario considered is UE to UE interference when there is close geographical proximity between a B26 UE transmitter and a UE receiver operating on an adjacent DL band. Monte-Carlo simulations and analytical joint probability density function of power distributions are used in this study.  Some regional band plans are listed below to show that such scenario may occur;
a) FCC band plans
Figure 1 and Figure 2 showed the FCC band plans in 800MHz band and 700MHz band, respectively. Potential LTE systems can be deployed with only 2MHz away from PSNB. 
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Figure 1: Channel bandwidth options
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Figure 2: B13 showing 2MHz offset between LTE (UL_10MHz) to PSNB (DL_6.25kHz)
b) Korea (KCC) band plan
Figure 3 showed two possible band plans in Korea.  A 10MHz channel deployed with a 2MHz UL/DL guard band next to a narrow band PS safety system (TETRA) at FDL_Low (851MHz). The 2nd scenario is the case when a 15MHz channel is deployed with a 10MHz frequency offset to FDL_Low (851MHz)
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Figure 3: Korea (KCC) band plan
With only 2MHz guard band between LTE UL and PSNB DL, LTE UE Tx may cause serious interference to PSNB device Rx when both devices are at close proximity. This study only considered the impact of LTE UE OOB emission. The interference due to the victim receiver blocking and IMD performance is not considered here. 
Although this study analyzed coexistence between LTE UE and PSNB portable, it can be generalized and applied to general coexistence between devices, such as LTE UE to LTE UE.  
2. Analysis Methodology
Figure 4 illustrated the interference scenarios – a PSNB subscriber at the edge of coverage when a LTE handset is nearby. The figure represents a worst case PSNB location since maximum DL sensitivity is needed by the subscriber. It represents a typical location for the LTE UE.  However, in our analysis, the PSNB subscriber can be anywhere within its coverage area. 
In a typical worst case deterministic analysis, the victim is always receiving at the sensitivity level and the aggressor is always transmitting at the max power. The methodology we used here try to take into account the probability of the victim being at Rx sensitivity level and at the same time capture the probability of the aggressor’s Tx power. The probability of interference caused by the aggressor is obtained using a mixture of Monte-Carlo simulation and numerical calculation. Since public safety systems are designed to provide guaranteed service area reliability, loss of coverage is more important in the PSNB system. The probability of interference is an important metric for evaluating PSNB systems. 
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Figure 4 Illustration of device to device interference

The probability of a PSNB subscriber is being interfered is calculated as follows,
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ACP

LTE UE adjacent channel power in 6.25 kHz bandwidth, i.e., ACLR in dBc
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Minimum pathloss between LTE UE and PSNB subscriber, free space path loss model is used here, three separation distances are assumed: 1 meter, 2 meters and 3 meters
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 PSNB subscriber SNR threshold, set to be 16.5dB in this study
MUS=Minimum usable signal level for the PSNB subscriber, based on the noise figure and minimal usable SNR of 16.5dB, the MUS is -109.5dBm/6.25kHz 
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Desense Margin, 5.8dB for 1dB desense
Further rewrite the equation above, we have,
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If only look at the interference occurred at the edge of the NBPS cell, we have
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We define edge of a PSNB cell to be the received signal strength at most 3dB above the MUS, i.e, 
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. The probability density functions (PDFs) of both the LTE UE Tx power 
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and the PSNB subscriber Rx power 
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can be obtained by Monte Carlo simulations. Once the PDFs are obtained, the above equations are evaluated numerically and the probability of interference is calculated. 
3. Results
In the section, the result of LTE UE interfering PSNB portable at close proximity is shown in Table 1. Three possible separation distances are analyzed. i.e., 1 meter, 2 meters and 3 meters, that correspond to 30dB, 36dB and 44dB free space path loss. Note that the antenna plus body loss of -10dBi are taking into account in both devices. 
Results assume that LTE UE is always transmitting. PSNB systems are usually designed to have certain guaranteed coverage area reliability, so both the average probability of interference and the cell edge probability of interference are considered in the study. In this sense, the probability of interference can also be interpreted as the percentage of the coverage area that PSNB users are being interfered. 
Table 1 Probability of interference from LTE UE to PSNB portable at close proximity
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For -35dBm/6.25kHz, the probability of interference is unacceptably high. With improved -57dBm/6.25kHz OOBE level, the interference is significantly reduced  if the separation distance is greater or equal to 3 meters.
4. Discussion

In this paper, we analyzed the interference from LTE UE to PSNB portable problem and showed that the -57dBm/6.25kHz provide good protection against PSNB portables. Although the study here was intended for coexistence study between LTE UE and PSNB portable, the same methodology can be used for LTE UE to LTE UE coexistence study. We will provide such study in the next meeting.

5. Annex – System Parameters

Table 2 and Table 3 listed the parameters that are used for LTE and PSNB Monte Carlo simulations in order to obtain the power distribution functions.
Table 2 LTE parameters

	 
	Base Station
	UE

	Carrier frequency
	850 MHz

	Channel bandwidth
	5 MHz

	ISD
	1.7km 

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
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15 dBi, 
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 = 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

	Power control
	
	Fractional power control                                 Parameter set 2


Table 3 PSNB parameters

	 
	Base Station
	Portable

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz

	Cell radius
	12 km

	Antenna height
	100 m from ground 
	1.5m

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
	11dBi omni-directional
	Antenna gain + body loss = -10 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	45dBm
(after combiner loss)
	36 dBm

	SNR Threshold
	16.5 dB
	16.5 dB

	Minimal usable SNR
	16.5dB
	16.5dB

	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


� EMBED Equation.3  ���
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