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1 Introduction
In [1] it was proposed to identify the jammer characteristics for non-contiguous 4C-HSDPA. Some aspects that need to be identified for the jammer are

· Waveform (WCDMA, GSM and etc.)

· Signal strength at the receiver

· Statistics of signal strength relative to the signal of interest 

In this contribution we present some analysis of interference statistics for noncontiguous intra-band carrier aggregation.
2 Discussion
In order to study the interference characteristics, we consider two LTE systems with 5MHz bandwidth. The two systems are deployed uncoordinated and run by two operators within the same band. This will capture the type of interference that one carrier experiences in carrier aggregation scenario. The interferer  introduces a leakage at the receiver which is quantified. 

[image: image1]
Figure 1 two systems operating next to each other in the same band and one receiver filter.
The two systems are spatially separated by distance D, and both assume to have the same number of sites and same inter-site distance ISD. In this analysis it is assumed that both systems have 19 sites with 3 sectors per site, with an inter-site distance of 2000m. System simulations were performed to measure the signal and interference strength at the UEs that are served by system A and spread uniformly in the area covered by system A. 
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Figure 2 deployment of base-station is system A and UE distribution.
In case of single operator the UE receives interference from other BSs operating in the same band (co-channel interference). Figure 3 shows CDF of the difference between the received signal power from own system (RSSIwanted cell) and the received signal strength from jammer system (RSSIjammer) for different offset between the systems, i.e. RSSI difference = RSSIwanted cell - RSSIjammer. Note that for a smaller inter-site distance in the two systems, the impact in Figure 3 would be smaller. The figure shows that the probability of RSSIjammer> RSSIwanted cell clearly increases when increasing offset. 
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Figure 3 CDF of RSSI difference between wanted cell and the jammer cell
The impact of the jammer system on the system performance can also be seen by looking at the interference that falls inside the band of interest. Figure 4 and Figure 5 show the geometry curves for two different spacing of 100m and 1000m. Similar to [2], in both figures the impact of jammer is modeled as a leakage of 25dB from the jammer carrier to the wanted carrier band. 
Here the measure of the signal quality at the receiver is Ior/Ioc which is defined as


[image: image4.wmf]N

I

S

I

I

A

oc

or

+

=


where 
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is the received power from the closest base station, 
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I

 is the total interference received from the other base stations within system A (co-channel interference), and 
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is noise power. 

However, in case of multi operator system in addition to the co-channel interference, the UE receives interference from BSs in system B (adjacent channel interference). If we assume uncoordinated systems, then the BSs of system B can be anywhere.
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Figure 4 difference between geometry for 100m offset between the two systems. Solid curve without jammer, and dashed curve with jammer.
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Figure 5 difference between geometry for 1000m offset between the two systems. Solid curve without jammer, and dashed curve with jammer.
To study the impact on the users in different parts of the cell, the difference in RSSI is studied for different parts of the cell. The location of UEs in the cell is represented by looking at different Ior/Ioc ranges. Figure 6 to Figure 8 show the RSSI difference for different Ior/Ioc ranges for 100m, 500m, and 1000 offset.
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Figure 6 RSSI difference for UEs with different Ior/Ioc range for 100m offset (zoomed view on the bottom)
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 Figure 7 RSSI difference for UEs with different Ior/Ioc range for 500m offset (zoomed view on the bottom)
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Figure 8 RSSI difference for UEs with different Ior/Ioc range for 1000m offset (zoomed view on the bottom)
Table 1 summerizes the 1% and 99% RSSI difference for the above mentioned cases. 
Table 1 1% and 99% SINR for different UE effective SINR and for different offsets
	Ior/Ioc
	-5
	0
	5
	10
	15

	1 %
	100 m
	-1.7
	-1.7
	-1.7
	-2.3
	-3.2

	
	500 m
	-10
	-10
	-8
	-6.5
	-5.4

	
	1000 m
	-19
	-16
	-15
	-14
	-12.5

	99%
	100 m
	1.5
	1.5
	2
	2.8
	4

	
	500 m
	6
	7
	8.5
	11
	17

	
	1000 m
	11
	12.5
	15
	18
	27


It is also possible to look at the geometry curve with and without the jammer system in the for different locations of UEs.  Figure 9 to Figure 11 show the geometry for UE locations. The results are obtained by considering different UE locations: 

· cell edge (blue curve) corresponds to the 10% percentile of SNR levels in the cell 

· 30% percentile of the SNR levels in the cell (green curve)

· 50% percentile of the SNR levels in the cell (magenta curve)

· 70% percentile of the SNR levels in the cell (cyan curve)

· 90% percentile of the SNR levels in the cell (black curve) 
The results are averaged only considering the UEs belonging to the region under test (example for the cell edge the CDF is created by averaging the results only among the UE experiencing an SNR level belonging to the cell edge region). As expected, for small offset (100 or 500) distance for the two systems the UEs at the cell center suffer the most from the jammer. While for large offset between the two systems (1000m), it is mostly the cell edge users that are impacted by the jammer. Note that the results highly depend on the assumptions in terms of image rejection. IR=25dB is the worst case assumption. Some analysis is also provided in [3].
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Figure 9 Geometry for different location, with 100 offset (solid curve without jammer, dashed curve with jammer)
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Figure 10 Geometry for different location, with 500 offset (solid curve without jammer, dashed curve with jammer)
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Figure 11 Geometry for different location, with 1000 offset (solid curve without jammer, dashed curve with jammer)
3 Summary
This contribution presents the system level results on the statistics of signal strength relative to the signal of interest and the signal strength at the receiver when a jammer is present.

The results show that when the offset between the 2 networks increases the probability of experiencing a high amount of interference increases. It has been shown that for example in the worst case of 1000m offset, the probability of RSSI difference lower than -25dB is less than 0.5%. RSSI difference of -40dB would correspond to a negligible probability of occurrence.

It has also been shown that for small offset value the cell center UEs experience a reduction in SNR due to the presence of an interference; as an example 
· 
For 100m offset there is SNR loss of 0.5-1dB. This SNR loss will reduce the performance which will correspond to a slightly reduced reported CQI which hence correspond to a new MCS adapted to the SNR condition the UE experiences.

· 
For 500m offset mostly cell center UEs are affected For 1000m offset mostly cell edge users are experiencing a loss in SNR. 

  It should be noted that the results are obtained by considering the worst case IR assumption of 25dB. Higher level of IR would reduce considerably the SNR impact. 
Also it should be noted that such a reduction in SNR is not averaged considering the actual probability of occurrence of the scenario, but it is computed by considering the probability of occurrence of the scenario conditioned on the location of the UE. 
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