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1 Introduction

In this contribution, we analyze the impact of TBS deployment on an LTE network in an inter-band co-existence scenario.
2 Simulation Assumptions

LTE network is deployed on a regular hexagonal grid with ISD={500 m, 1732 m} and three-sector antennas at eNodeBs. Only macro cells are deployed. Two main TBS deployment strategies are studied:

· Co-location with eNodeBs,

· Cell-edge deployment with respect to the victim LTE network.
The simulation assumptions are aligned with [1] and are summarized below in Table 1a, Table 1b, and Table 1c.

Table 1a. Simulation assumptions: LTE (victim) configuration
	Parameter
	Value

	Network layout
	Hexagonal grid of macro cells; 
· ISD = 500 m,

· ISD = 1732 m

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	eNodeB Tx power
	46 dBm

	UE Tx power
	23 dBm

	eNodeB antenna
	three-sector directional, 17 dBi, 3D antenna pattern as in [3]

	eNodeB antenna height
	35 m

	UE antenna
	omni; 0 dBi

	UE antenna height
	floor height + 1.5 m

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Minimum eNB-UE distance
	35 m

	UE dropping
	20% outdoor and 80% indoor


Table 1b. Simulation assumptions: TBS (aggressor) configuration
	Parameter
	Value

	Deployment strategy
	· co-located with eNBs
· cell-edge deployment (as illustrated in [2])

	Carrier frequency
	923 MHz Note

	Bandwidth
	5 MHz

	Tx power
	43 dBm

	Antenna
	omni, 6 dBi, 3D antenna pattern

	Antenna height
	35 m

	NOTE: In these simulations, the frequency impacts only the radio signal propagation over a distance but not the amount of leakage into another carrier frequency.


Table 1c. Common parameters

	Parameter
	Value

	Pathloss model, shadowing, and fading
	3D-Uma
Indoor UEs:
3D-UMa O-to-I
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Penetration
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)


3 Simulation Results
The following performance metrics have been considered in the study: 
· serving/PCell throughput, and 
· the 2nd best link SINR. 
The first metric traditionally reflects serving cell performance while the second metric reflects the amount of potential impact on handover performance, positioning performance based on measurements in multiple cells, CA (secondary cell) performance, CoMP performance, etc.
The above metrics are studied as a function of Other Band Interference Ratio (OBIR). More specifically, in the figures provided in this section, for each given OBIR level for the aggressor and the victim the corresponding victim performance level is shown, e.g., in Figure 1 the 95th percentile of the UL throughput is 12 Mbps if the beacon emits into 2 GHz a signal with PSD of 55 dB weaker in amplitude than if it would be in 923MHz. 
The reduction in the amount of leakage due to a frequency separation is not modelled explicitly in these simulations and the OBIR would need to be compensated for this.

In the figures, a high OBIR required to achieve a reasonable performance level indicates the need to mitigate the high interference leaking from another carrier frequency, which may lead to a higher complexity in the UE and/or base station.
The results for both DL and UL are shown.
3.1 UL performance
Figures 1 and 2 illustrate UL throughput and 2nd best SINR as a function of OBIR for cell-edge and co-located TBS deployments, respectively, with ISD=500 m. Figures 3 shows the results with ISD=1732 m.
· Observation 1: High OBIR must be achieved to maintain reasonable LTE UL performance.
· Observation 2: Deploying beacons co-located with eNodeBs is most challenging and is only possible when the sufficient filtering is feasible, the frequency separation is large enough, and may also require site solutions in some cases.
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Figure 1: LTE UL performance, ISD=500 m, cell edge.
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Figure 2: LTE UL performance, ISD=500 m, co-located.
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Figure 3: LTE UL performance, ISD=1732 m, cell edge.

3.2 DL performance

Figures 4 and 5 illustrate DL throughput and 2nd best SINR as a function of OBIR for cell-edge and co-located TBS deployments, respectively, with ISD=500 m. Figures 6 and 7 show similar DL results with ISD=1732 m.

· Observation 3: For OBIR≥40 dB the figures indicate that the DL throughput degradation is below 5% and the degradation in the 2nd best DL SINR is 1 dB or less.
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Figure 4: LTE DL performance, ISD=500 m, cell edge.
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Figure 5: LTE DL performance, ISD=500 m, co-located.
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Figure 6: LTE DL performance, ISD=1732 m, cell edge.
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Figure 7: LTE DL performance, ISD=1732 m, co-located.

4 Summary

The following observations have been made above: 

· Observation 1: High OBIR must be achieved to maintain reasonable LTE UL performance.

· Observation 2: Deploying beacons co-located with eNodeBs is most challenging and is only possible when the sufficient filtering is feasible, the frequency separation is large enough, and may also require site solutions in some cases.

· Observation 3: For OBIR≥40 dB the figures indicate that the DL throughput degradation is below 5% and the degradation in the 2nd best DL SINR is 1 dB or less.

Additionally, in Table 2 we select results for OBIR=40 dB and 95th percentile based on the results shown in Figures 1-7. As has been observed also above, the LTE UL performance seems to be very sensitive to how beacons are deployed with respect eNodeBs.
Table 2: Performance degradation summary for OBIR=40 dB and 95th percentile

	
	Throughput degradation, %
	Degradation of 2nd best SINR, dB

	UL, 500 m, cell edge
	-82 %
	-12 dB

	UL, 500 m, co-located
	-100 %
	-50 dB or worse

	UL, 1732 m, cell edge
	-16 %
	-2.5 dB

	DL, 500 m, cell edge
	-2 %
	-0.5 dB

	DL, 500 m, co-located
	-2 %
	-1 dB

	DL, 1732 m, cell edge
	-4 %
	-0.5 dB

	DL, 1732 m, co-located
	-3 %
	-0.5 dB
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