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1. Abstract
Monte-Carlo simulations and analytical joint probability density function of power distributions are used in this document to study the co-existence issue between LTE UE Tx and LTE UE Rx when two LTE systems are deployed in adjacent spectrums and in the same geographical area. In this analysis we use -15.5dBm/5MHz as the OOBE level for LTE UE to LTE UE coexistence. The result of this study shows that this high level of OOBE will cause interference in terms of overall cell and edge of cell interference.
2. Discussion
The methodology in this paper assumes a fixed physically separation distance between victim LTE UE and interfering LTE UE. Different modelling of LTE UE location distribution can change the probability of two devices getting close to each other. For example, in a hotspot area or in a big event, we would expect that the probability of two UEs from two different operators getting as close as 1~3 meters is very high. On the other hand, if we assume uniform distribution of devices, then the probability of two devices getting close to each other is very low. This methodology considered the worst case user distribution scenario when considering the device to device co-existence.  
Also the SINR degradation is used in the interference analysis in this methodology, instead of average throughput degradation. This is due to consideration from the user experience perspective. If a victim LTE UE is close to its serving base station and have a very high SINR, this UE can tolerate very high interference. It is probably ok for this UE to experience high throughput degradation as long as it can still get decent throughput. However, for UEs at cell edge that already have low throughput, a small amount of interference may cause these UEs to get disconnected. Even though the throughput loss is small, it causes bad user experience. From this point of view, using average throughput degradation maybe misleading when assessing the interference problem between devices. 
3. Analysis Methodology
Figure 3-1 illustrated the interference scenarios – a victim LTE UE from one operator at the edge of coverage when an interfering LTE UE from another operator is nearby. The figure represents a worst case victim LTE UE location since maximum DL sensitivity is needed by the subscriber. It represents a typical location for the LTE UE.  However, in our analysis, the victim LTE UE 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. 
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Figure 3-1 Illustration of device to device interference

The probability of a victim LTE UE being interfered is calculated as follows,
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Desense interference
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Desired signal level
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Interfering LTE UE transmit signal level 
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LTE UE adjacent channel power in 5MHz bandwidth, i.e., ACLR in dBc
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Minimum pathloss between an interfering LTE UE and a victim LTE UE, free space path loss model is used here, three separation distances are assumed: 1 meter, 2 meters and 3 meters
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The DL SINR seen by the LTE UE, in this study, the average SNR is used for average probability of interference calculation and the 5-percentile SNR is used for cell edge probability of interference calculation
MUS=
Minimum usable signal level for the victim LTE UE. In this case, it’s the reference sensitivity of LTE UE, for 5MHz channel, it is -97dBm
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Desense Margin, 5.8dB for 1dB desense and 0dB for 3dB densense.
Further rewrite the equation above, we have,
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If only look at the interference occurred at the edge of the victim LTE 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 victim LTE UE Rx power 
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can be obtained by Monte Carlo simulations. The victim LTE UE DL SINR can also be obtained through the Monte Carlo simulation. Once the PDFs and the SINR distribution are obtained, the above equations are evaluated numerically and the probability of interference is calculated. 
4. Results
In the section, the result of LTE UE interfering LTE UE at close proximity is shown in Table 4-1. Three possible separation distances are analyzed. i.e., 1 meter, 2 meters and 3 meters, which correspond to 40.7dB, 46.7dB and 50dB free space path loss, respectively. Both handset and data card use scenarios are considered here.  The antenna plus body loss are -8dBi and -5dBi, respectively. It is also assumed that the interfering LTE UE is always transmitting.  
Table 4-1 Probability of interference from LTE UE to LTE UE at close proximity
	Geographical separation
	1 meter separation
	2 meter separation
	3 meter separation

	LTE UE Pmax (dBm)
	23

	OOBE (dBm/5MHz)
	-15.5

	Handset
(-8dBi)
	Overall probability of interference with 3dB desense
	5%
	1.50%
	0.60%

	
	Probability of interference at edge with 3dB desense
	54%
	26%
	13%

	Data card
(-5dBi)
	Overall probability of interference with 3dB desense
	13%
	5%
	2.50%

	
	Probability of interference at edge with 3dB desense
	81%
	54%
	36%


From the results, we can see that for 1~3 meters separation, -15.5dBm/5MHz OOBE level is far from enough to protect victim LTE UE when the victim LTE UE is already at weak signal area. Please note that to calculate the overall probability of interference, the average DL victim LTE UE SINR is used in equation (1). So for victim UEs that have higher SINR, the desense value is higher than 3dB. 
5. Conclusion
In this paper, we analyzed the interference from LTE UE to LTE UE problem. LTE systems at 2.6GHz are used as an example.  The results showed that the –15.5dBm/5MHz cannot provide good protection to victim LTE UEs. and will cause interference in terms of overall cell and edge of cell interference.

6

Annex – System Parameters

Table 6-1 listed the parameters that are used for LTE Monte Carlo simulations in order to obtain the power distribution functions.
Table 6-1: LTE parameters

	 
	Base Station
	UE

	Carrier frequency
	2.6 GHz

	Channel bandwidth
	5 MHz

	Propagation model
	Macro cell urban area model per 36.942

	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=
-8 dBi for handset and -5dBi for data card 

	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
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