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1. Introduction
[Note: In R4-116112, the radius of the Public Safety cell was given as 7.5 km, when in fact the value used in the analysis was 7.5 miles.  Also, the labels for the two curves in Figure 1 were reversed.  Both errors have been corrected in this revision.]
Several contributions including [1] have considered the emissions limits needed for Band 26 in order to protect Public Safety in 851 to 854 MHz.  Determination of the protection requirements depend on a significant number of parameter assumptions including the size of the Public Safety and LTE cells and the SINR requirements needed for the Public Safety mobile station (MS).  In addition to these assumptions, some judgement is also needed in determining protection requirements given that there is no precise definition of “harmful interference.”
In this contribution, a simulation methodology similar to that used in [1] is used to evaluate the probability of interference from an LTE UE into a Public Safety MS as a function of both distance and the emissions limit imposed on the LTE UE for 851 to 854 MHz.  These simulation results can be considered in setting Band 26 emissions limits for 851 to 854 MHz.
2. Background
The uplink for Band 26 is from 814 to 849 MHz.  In the U.S., Public Safety occupies 851 to 854 MHz, so that the distance from the top of Band 26 to this Public Safety spectrum is only 2 MHz.  The situation for Band 26 is similar to that for Band 13 in that the bottom of the Band 13 uplink (777 to 787 MHz) is only 2 MHz from Public Safety spectrum at 775 MHz and below.  For Band 13, NS_07 signaling and A-MPR were defined to enable protection of Public Safety in 769 to 775 MHz at a level of -57 dBm / 6.25 kHz.
The FCC requirements for 700 MHz are captured in FCC Title 47 Part 27.53.  The requirement here is that out-of-band emissions shall be less than -35 dBm / 6.25 kHz.  However, there is a further requirement that
(n) When an emission outside of the authorized bandwidth causes harmful interference, the Commission may, at its discretion, require greater attenuation than specified in this section.
So, the need for NS_07 was not based on the minimum FCC requirement of -35 dBm / 6.25 kHz, but rather was driven by the second requirement that out-of-band emissions must not cause harmful interference.
For 800 MHz, the FCC requirement is captured in FCC Title 47 Part 22.917 where it is required that out-of-band emissions be less then -13 dBm / 100 kHz.  This requirement is equivalent to -25 dBm / 6.25 kHz except that the 100 kHz measurement bandwidth is slightly less stringent in that it allows for averaging of the measurement in the frequency domain.  While, 800 MHz requirement is 10 dB less stringent than the requirement in 700 MHz, as before, there is the further requirement (d) below
(d) Interference caused by out of band emissions. If any emission from a transmitter operating in this service results in interference to users of another radio service, the FCC may require a greater attenuation of that emission than specified in this section. 
So, as before, the minimum FCC requirement is not sufficient to define protection since the FCC can require greater attenuation if Public Safety users experience interference.  So, in this sense, it appears that the requirement for protection of Public Safety in 851 to 854 MHz should not be substantially different than that for Public Safety in 769 to 775 MHz.  The only slight difference between the two bands is that that free-space path loss between the LTE UE and the Public Safety MS is 0.8 dB (20 x Log10(851 / 775)) greater at 851 MHz than at 775 MHz.
3. Harmful Interference
[bookmark: _Ref301163911]In FCC Title 47 Part 27.53, it is stated that the FCC may require greater attenuation if there is “harmful interference,” while Part 22.917 states that greater attenuation may be required if “any emission … results in interference to users of another radio service ….”  However, there is no precise definition either of “harmful interference” or of “interference to users of another radio service.”  As a result, the definition of harmful interference is a matter of judgment and interpretation.
In this contribution, the LTE UE is considered to have interfered with the PS MS if the SINR of the PS MS is above the required threshold without interference from the LTE UE, and falls below this threshold when the LTE UE transmits.  Harmful interference can be said to occur if such an interference condition occurs too often.  As the minimum requirement for Public Safety location reliability is 97%, the LTE interference may be considered harmful if more than a few percent of the PS MS devices are interfered with by an LTE UE at a given distance.
4. Simulation Parameters
The emission limits for 851 to 854 MHz required to protect Public Safety is a function of a number of parameters, including the following:
· the size of the Public Safety and LTE cells
· the signal-to-interference plus noise ratio required for the Public Safety MS
· the path loss, including body loss, between the Public Safety MS and the LTE UE
The methodology used to evaluate the compatibility of various emissions limits for 851 to 854 MHz will be similar to the probabilistic method used in [1], with some small differences.  In the simulations, the following will be assumed:
· the radius of the Public Safety cell is 7.5 miles
· the radius of the LTE cell is 1.732 km (inter-site distance is 3 km).
· the path loss between the LTE UE and the PS MS is characterized by the following:
· the antenna gains are assumed to be 0 dBi
· free space path loss (FSPL) is assumed between the two devices and is given by
[image: ]
· in addition to FSPL, body loss of 10 dB is assumed for each device (20 dB total)
· the noise figure of the Public Safety MS is assumed to be 10 dB so that the receiver noise floor in 6.25 kHz is given by
-126dBm / 6.25kHz = -174 dBm/Hz + 10*Log10(6250) + 10
In [1], the SINR requirement for the Public Safety MS is assumed to be 16.5 dB, and this corresponds to a received signal strength of -110 dBm.  The 16.5 dB value is an average SINR requirement that applies for a Rayleigh fading channel.  The SINR requirement for an AWGN channel is significantly less than this.  For this reason, and also because some degradation of audio quality may be acceptable, we consider SINR targets slightly less than this.
5. Simulation Methodology
As in [1], a probabilistic analysis is used.  A Public Safety MS is randomly dropped within the 7.5 mile radius cell in order to determine the desired signal power received by the PS MS.  We then consider the interference from an LTE UE uplink transmission at distance d from this Public Safety MS. As the PS cell radius is much greater than the LTE cell radius, there are many LTE cells within the coverage of the PS cell.  For this reason, it is assumed that there is no correlation between the distance of the PS MS from its serving base station and the distance of the LTE UE from its serving eNB.  Thus, the LTE UE uplink transmit power is assumed to be independent of the desired signal power the adjacent PS MS receives from its serving eNB.
Based on field measurements, the probability density function of the received power of a randomly dropped PS MS in a cell with radius 7.5 miles was determined to be approximately Gaussian with a mean of -86.4 dBm and standard deviation of 11 dBm.  System simulations were used to determine the distribution of the transmit power an LTE UE in a cell of radius 1.732 (inter-site distance equal to 3 km).  In these simulations, NS_07 A-MPR was applied by the UE’s.  The cumulative distribution functions of the LTE UE transmit power resulting from these system simulations is shown in Figure 1 for two different sets of power control parameters.
In order to describe the simulation methodology, we use the following notation:
· X = the desired signal the PS MS receives from it serving base station
· Z = transmit power of the LTE UE (independent of X)
· ACLR = the adjacent channel leakage ratio (dBm) in 6.25 kHz for an LTE UE.  Here, ACLR is the maximum power of the LTE UE minus the emissions limit in 6.25 kHz.  For example, if the maximum power of the LTE UE is 23 dBm and the emissions limit is -57 dBm / 6.25 kHz, then ACLR is 80 dB.
· PL(d) = path loss between the LTE UE and the PSNB MS.  The path loss is a function of the distance d.
· SINRmin = minimum SINR needed by the PS MS
· RNF = receiver noise in 6.25 kHz.  For a receiver noise figure of 10 dB, RNF = -126 dBm / 6.25 kHz

[image: ]
Figure 1:  Distribution of LTE UE Transmit Power

The interference seen by the Public Safety MS from the LTE UE is given by


If the desired signal received by the Public Safety MS is given by X, then the total interference must be less than


The total interference (in dB) observed by the Public Safety MS is given by


With the above notation, the probability that LTE UE interferes with the PS MS can be expressed as


Simulation results are presented in Figure 2 and 3 which indicate the probability of interference from the LTE UE into the PS MS as a function of distance between the two devices, where distances of 1 to 10 meters are considered.  Simulation results are presented for three different emissions limits: -43 dBm / 6.25 kHz, -50 dBm / 6.25 kHz, and -57 dBm / 6.25 kHz.  It should be noted that an SINRmin requirement of 12 dB was used in Figure 2, while an SINRmin requirement of 16 dB was used for the results presented in Figure 3.
6. Conclusions
The simulation results presented in Figures 2 and 3 may be useful for consideration when determining appropriate Band 26 emissions limits for 851 to 854 MHz.  The results in these figures seem to indicate that if the objective is to limit the likelihood of harmful interference of the LTE UE into the Public Safety MS to less than 1% when these devices are within 10 meters or less of each other, then it would be necessary to have an emissions limit of -50 dBm / 6.25 kHz or better for 851 to 854 MHz.  
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Figure 2: Probability of PS interference vs. distance for SINRmin = 12 dB
[image: ]
Figure 3: Probability of PS interference vs. distance for SINRmin = 16 dB
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Probability of interference vs. distance
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Probability of interference vs. distance
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CDF of LTE UE Transmit Power

Inter-Site Distance = 3 km
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