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1 Introduction

During RAN4#67, a way forward and set of simulation assumptions was proposed for progressing the study of the definition of TX requirements and their impact on co-existence [1]. These assumptions have been applied in this paper. Specifically, there are four scenarios which have been studied and results are to follow in this paper.
	Case
	Aggressor
	Victim
	Simulated link
	Sectors (degrees)
	Statistics

	1
	AAS E-UTRA Macro system 
	Legacy E-UTRA
Macro system
	Downlink
	Vertical 20/9
	Throughput loss

	2
	AAS E-UTRA
Macro system
	AAS E-UTRA Macro system
	Downlink
	Vertical 20/9
	Throughput loss

	3
	AAS E-UTRA
Macro system
	Legacy E-UTRA Macro system
	Downlink
	 9 downtilt and

Horiztonal -/+25
	Throughput loss

	4
	AAS E-UTRA
Macro system
	AAS E-UTRA Macro system
	Downlink
	9 downtilt and

Horiztonal -/+25
	Throughput loss


This document contributes results of the effects of an aggressor system with sectored cells on a single cell victim system.  The sectors studied are both horizontal and vertical but not both in any given scenario.
This document contributes simulation results relating to [1] for E-UTRA investigating the scenario of interference from an AAS system onto a victim system.

2 Simulation description
There exist two paradigms for comparing the victim and aggressor systems. In the first, vertical sectorization in the aggressor system is analyzed with an AAS and non AAS system.  The second is to understand horizontal sectorization in the aggressor system is analyzed with non AAs and AAS system.  
It should be noted that in these co-existence simulations, a 9 degree downtilt is applied to the victim system in all cases, for both legacy and AAS. 
The simulations examine co-existence performance considering varying levels of correlation in the unwanted emissions components between the TRXs.  Correlation values chosen to examine in this document is 0% and 100%.

The above scenarios are simulated with a terminal ACS of 33dB since the AAS systems should operate with legacy terminals.  This is taken from the current specifications, which state that terminal ACS should be 33dB for LTE.  

Adjacent band interference that is picked up by the terminal receiver from an AAS agressor system will be the in band signal of the AAS system. Thus receiver adjacent channel interference is modelled with 100% correlation between the antenna branches in order that the interference pattern matches the AAS beamforming, regardless of the correlation that is applied for the TX adjacent channel leakage.  Additionally these simulations show results based on per antenna ACLR, for enclosed antenna modules it may not be possible to actually measure per TRX ACLR as used in these simulations. 

3 Results for the effects of downtilt
For reference, a baseline Figure 1 shows the effects of 9 degree downtilt for aggressor and victim.  This system simulation is considered with no sectorization.  This baseline was done for 100% correlation of the unwanted emissions components between the TRXs.
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Figure 1 AAS aggressor, AAS victim, 9 degree downtilt
The dashed line represents zero sector, no down tilt relative throughput loss and the sold lines correspond to the data for 9 degree downtilt.  Table 1 shows that there is still an improvement in throughput if a 9 degree tilt is applied, even though Figure 1 indicates that there is an increase in relative throughput loss.  This is most likely due to the fact that the downtilt decreases the level of in-carrier inter cell interference, which in turn increase the relative importance of adjacent carrier interference.
Table 1: Absolute throughput at ACLR 45 dB

	Downtilt Angle (degrees)
	Mean
	5th Percentile

	0
	7.4
	2.05

	9
	16.07
	2.6


4 Results for the effects of vertical sectorization
Using Figure 1 as a baseline scenario, we see that adding sectorization to the aggressor improves the throughput loss by ~1% for the mean and almost 3% for the 5th percentile if taking ACLR 45 dB as an observation point.  This can be shown below in Figure 2. In general, it can be seen that the relative throughput loss is slightly lower than in the case of no sectorisation.
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Figure 2 AAS aggressor with vertical sectorization, Legacy victim with 9 degree downtilt (Scenario 1)
For the interest of understanding the effects of the correlation of unwanted emissions between the TRXs, Figure 3 shows that with an ACLR at about 40dB the correlation has almost no effect. However, at ACLR values lower than ~35dB the relative throughput is more sensitive to the correlation.  Figure 3 is the result of calculating the mean throughput with 0 and 100% correlation between the TRXs.
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Figure 3 Mean results of AAS aggressor with vertical sectorization, Legacy victim with 9 degree downtilt (Scenario 1)
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Figure 4 AAS aggressor with vertical sectorization, AAS victim with 9 degree downtilt (Scenario 2)
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Figure 5 Mean results of AAS aggressor with vertical sectorization, AAS victim with 9 degree downtilt (Scenario 2)
For the scenarios with vertical sectorization, using a 20 degree downtilt for the inner sector of the cell is a large tilt angle.  The large tilt angle causes grating lobes to point energy to the sky, which then prevents these grating lobes from causing interference to the outer sector of the cell.  However, this also causes the system 
5 Results for the effects of horizontal sectorization 

The results show in Figure 6 that horizontal sectorization shows a similar level of relative throughput loss to the no sectorisation case. 
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Figure 6 AAS aggressor with horizontal sectorization, Legacy victim with 9 degree downtilt (Scenario 3)
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Figure 7 AAS aggressor with horizontal sectorization, AAS victim with 9 degree downtilt (Scenario 4)

Just by inspection Figure 6 and 7 show very little difference.  The effect of the aggressor system on the victim system regardless of AAS or legacy shows very little change in relative throughput loss.  
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Figure 8 Mean results of AAS aggressor with horizontal sectorization, Legacy victim with 9 degree downtilt (Scenario 3)
There does not appear to be a large difference between a single cell 9 degree downtilt and horizontal sectorization.  This could be due to the fact that even though the energy is split into beams horizontally, the energy still covers the majority of the users in the cell.  The grating lobes in this case do not point up to the sky and so sectorization does not improve or worsen the overall throughput of the system significantly.
6 Conclusion

In conclusion, it can be stated in general that co-existence performance is roughly the same when sectorisation is applied comared to the single cell case. 
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