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Summary

This contribution adopts the statistical approach, e.g. Monte-Carlo simulation, to study the impact of Band 26 UE OOBE on the Public Safety service. The simulation results demonstrate that Band 26 UE OOBE of -47dBm/6.25kHz is sufficient to protect PS portable terminal. Based on the technical analysis and in order to make progress to complete this work item, we would recommend to the group to adopt the Band 26 LTE UE OOBE requirement of -50dBm/6.25kHz.
1
Introduction
Contributions [1] and [2] to the previous RAN4 meetings presented coexistence studies of Band 26 UE and Public Safety (PS). As pointed out in [3], studies in [1] and [2] only considered very short distances (1, 2, or 3 meters) between LTE UE and PS portable terminal, and they did not take into account the impact of user density. A Monte Carlo simulation methodology was proposed [3] in the last RAN4 meeting to further study the coexistence of Band 26 UE and PS portable terminal.
Based on the simulation methodology in [3], simulations were conducted and the results are presented in this contribution.
2
Deployment scenario, simulation methodology and parameters
Urban macro deployments scenario is the most common scenario for Public Safety service, and it is chosen as the deployment scenario in this study. The following figure shows the network layout of Band 26 and Public Safety.
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Figure 2-1: Deployment scenario of Public Safety and Band 26 LTE
The following table gives the Public Safety parameters and their values used in this study, which are mainly taken from [1] and [2].
Table 2-1: Public Safety service parameters
	Parameter
	Base Station
	Portable Terminal

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz

	Cell radius
	7.5 km

	Antenna height
	100 m from ground
	1.5 m

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

	Noise figure
	5.7 dB
	10 dB

	Transmit power
	45 dBm
(after combiner loss)
	36 dBm

	SNR Threshold
	16.5 or 12 dB
	16.5 or 12 dB

	Minimal usable SNR
	16.5 or 12 dB
	16.5 or 12 dB

	Effective Noise Bandwidth
	6.25 kHz
	6.25 kHz

	Noise Floor
	-130.3 dBm / 6.25 kHz
	-126 dBm / 6.25 kHz

	Sensitivity
	-113.8 dBm / 6.25 kHz or

-118.3 dBm / 6.25 kHz
	-109.5 dBm / 6.25 kHz or

-114 dBm / 6.25 kHz

	Base station to portable terminal path-loss model
	For less than 1km: Urban macro model in TR 36.942 [4]

For larger than 1km: P.1546 [6], 50% time land, urban environment with reference height of 10 m

	Standard deviation of lognormal shadow fading
	10 dB

	Minimum distance between base station and portable terminal
	100 m

	Cell edge user definition
	SNR threshold <= SINR < SNR threshold + 3dB 


The simulation methodology for Band 26 LTE is taken from [4]. The following table gives the Band 26 LTE parameters and their values used in this study, as well as the path-loss model for Band 26 LTE UE to PS portable terminal.
Table 2-2: Band 26 LTE parameters

	Parameter
	Assumption

	Simulation type
	Snapshot

	Carrier frequency
	850 MHz

	System bandwidth
	10 MHz

	Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors

with BS in the corner of the cell
65-degree sectored beam

	Wrap around
	Employed

	Inter-site distance
	1500 m

	Traffic model
	Full buffer

	Max BS TX power
	43 dBm

	BS antenna pattern
	TR 36.942

	BS antenna gain
	15 dBi

	BS antenna height
	30 m

	Average building height
	15 m

	Max UE TX power
	23 dBm

	UE antenna gain and body loss
	-10 dBi

	White noise power density
	-174 dBm/Hz

	Scheduling algorithm
	Round Robin

	LTE RB width
	180 kHz

	LTE UE number per sector
	6
	12

	RB number per UE
	8
	4

	Link simulation interface
	Attenuated and truncated form of the Shannon bound in TR 36.942 [4]

	Environment
	Macro Cell, urban Area

	LTE BS to UE path-loss model
	Urban macro model in TR 36.942 [4], with MCL of 70 dB

	Standard deviation of log-normal shadow fading between LTE BS and UE
	10 dB

	LTE UE to PS portable terminal path-loss model
	Dual-slope model in ITU-R M.2030 [5]

	Minimum distance between LTE UE and PS portable terminal
	1 m


Normally ACLR value from LTE UE is different, depending on its resource blocks allocation. In this study, it is assumed that ACLR values from different UEs are the same irrespective to their allocations within the channel.

Band 26 LTE UL power control is considered. The following table provides the Band 26 LTE UL power control parameters and their values used in this study.

Table 2-3: Band 26 LTE UL power control parameters

	Parameter set
	Gamma
	PLx-ile
	Rmin

	
	
	10 MHz bandwidth
	

	Set 1
	1
	122 or 115
	-53 dB

	Set 2
	0.8
	133
	-53 dB


Each simulation is run with and without Band 26 UE interference. At the end of the simulation, the RX SINR of PS portable terminal is collected. If the RX SINR is less than the minimum requirement (e.g. 12 dB or 16.5 dB), it is claimed to be in outage. “Relative increase of outage rate” and “cell edge interference probability” are the two measures used in this study. “Relative increase of outage rate” is defined as
Relative increase of outage rate = outage rate with LTE interference – outage rate without LTE interference,

and “cell edge interference probability” is defined as

Cell edge interference probability = (the number of original cell edge users dropping to outage with LTE interference) / (the number of cell edge users without LTE interference).

3
Simulation results
Simulations are run for various LTE UL power control parameters and various LTE UE numbers per sector. Both PS SINR thresholds of 12 dB and 16.5 dB are considered. Following is the list of cases:
a. Power control set 1, PLx-ile = 115 dB, 6 UE per sector

b. Power control set 1, PLx-ile = 115 dB, 12 UE per sector

c. Power control set 1, PLx-ile = 122 dB, 6 UE per sector

d. Power control set 1, PLx-ile = 122 dB, 12 UE per sector

e. Power control set 2, PLx-ile = 133 dB, 6 UE per sector

f. Power control set 2, PLx-ile = 133 dB, 12 UE per sector

Figure 3-1 to Figure 3-6 show the results of PS downlink relative increase of average outage rate and cell edge interference probability for Case a to Case f, respectively. X-Axis is the LTE UE ACLR values of 55, 60, 65, 70, and 75 dBc/6.25kHz, which correspond to OOBE values of -32, -37, -42, -47, and -52 dBm/6.25kHz, respectively.
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Figure 3-1: Results of Case a: power control set 1, PLx-ile = 115 dB, 6 UE per sector
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Figure 3-2: Results of Case b: power control set 1, PLx-ile = 115 dB, 12 UE per sector
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Figure 3-3: Results of Case c: power control set 1, PLx-ile = 122 dB, 6 UE per sector
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Figure 3-4: Results of Case d: power control set 1, PLx-ile = 122 dB, 12 UE per sector
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Figure 3-5: Results of Case e: power control set 2, PLx-ile = 133 dB, 6 UE per sector
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Figure 3-6: Results of Case f: power control set 2, PLx-ile = 133 dB, 12 UE per sector

For easier comparison of different cases, the above results are grouped together for two SINR targets (16.5 dB and 12 dB).
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Figure 3-7: All results of relative increase of average outage rate
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Figure 3-8: All results of cell edge interference probability
4
Conclusion

As can be seen from the simulation results in all scenarios, the relative increase of PS downlink average outage rate is negligible (<0.1%) and the cell edge interference probability is not significant (<3%) when Band 26 LTE UE ACLR is 70dBc/6.25kHz or higher, which is equivalent to when Band 26 LTE UE OOBE is -47dBm/6.25kHz or lower. In other words, the Band 26 LTE UE OOBE of -47dBm/6.25kHz is sufficient to protect the Public Safety service. In order to make progress to complete this work item, we would recommend to the group to adopt the Band 26 LTE UE OOBE requirement of -50dBm/6.25kHz.
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