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1 Introduction

During RAN4#63, a way forward and set of simulation assumptions was agreed for progressing the study of the definition of TX requirements and their impact on co-existence [1]. The Way Forward proposal is to examine the co-existence impact of a single column AAS system that implements active downtilt under 3 scenarios:
	Case
	Aggressor
	Victim
	Simulated link
	Statistics

	1-a
	AAS E-UTRA Macro system 
	Legacy E-UTRA
Macro system
	Downlink
	Throughput loss

	1-b
	AAS E-UTRA
Macro system
	AAS E-UTRA Macro system
	Downlink
	Throughput loss

	1-c(Baseline)
	Legacy E-UTRA

Macro system
	Legacy E-UTRA Macro system
	Downlink
	Throughput loss


Thus the way forward captures a good starting point for characterising AAS downlink impacts. Further scenarios in which AAS downlink performance may be studied are captured in [3].
This document contributes simulation results relating to [1] for E-UTRA investigating the scenario of interference from an AAS system onto an AAS victim.

2 Simulation description
There exist two paradigms for comparing the victim and agressor systems. In the first, the same downtilt is applied to both victim and agressor. In the second scenario, the downtilt in the victim system is fixed (in our simulations at 0 degrees and 10 degrees) and compared with an agressor system operating different levels of downtilt. It should be noted that in these co-existence simulations, downtilt is applied regardless of whether it makes sense from a system perspective in terms of coverage and capacity, in order to investigate the sensitivity of co-existence to the AAS settings. A sensible downtilt value to apply in this scenario is around 10 degrees.
The simulations examine co-existence performance considering varying levels of correlation in the unwanted emissions components between the TRXs, from 0% to 100% correlation.

Simulation results are firstly presented in terms of throughput degradation in the victim system vs ACIR per TX antenna branch. However there are a couple of limitations with presenting results in this form. Firstly, given that AAS systems should operate with legacy terminals, the terminal ACS should be assumed to remain as in the current specification, 33dB for LTE (In fact, the specification 33dB includes a 2dB implementation margin, so these simulations are rather optimistic). 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.

Secondly, although 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. A companion paper [2] discussed the definition of requirements for the array as a whole rather than for individual TRXs.
3 Results for equal downtilt in agressor and victim
Figure 1 shows throughput degradation vs ACIR for an AAS system with 100% cross TRX correlation. 
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Figure 1 AAS agressor, AAS Victim (Secnario 1-b), same downtilt on both systems

Figures 2-4 examine the impact of an AAS agressor in which the cross TRX correlation varies from 0 to 50 to 100% and the RX ACS is fixed at 33dB. It can be seen that when the DT on the two systems is greater than zero degrees, then system throughput loss due to adjacent channel leakage can be up to 4%.
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Figure 2 AAS agressor, AAS Victim (Scenario 1-b), same downtilt on both systems, 100% correlation, ACS = 33dB
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Figure 3 AAS agressor, AAS Victim (Scenario 1-b, same downtilt on both systems, 50% correlation, ACS = 33dB
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Figure 4 AAS agressor, AAS Victim (Scenario 1-b, same downtilt on both systems, 0% correlation, ACS = 33dB

Table 1 captures  mean and 5th percentile throughput with several downtilt levels when the correlation is 50%. When downtilt is applied, the 5th percentile throughput becomes larger; this is mainly due to the poor coverage in the victim system due to the large downtilt. There is some dependency of the 5th percentile throughput impact on the downtilt angle.

	Downtilt
	Throughput loss (Mean)
	Throughput Loss
(5th Percentile)

	0
	0.2
	1

	10
	3
	12

	20
	4
	19

	30
	2.5
	13.5


Table 1 AAS Agressor, AAS victim (Scenario 1a), same downtilt on both systems, 50% correlation, ACS=33dB
4 Results with victim downtilt fixed at 0 degrees

Figure 5 shows throughput degradation to a victim system with 0 degrees downtilt of an AAS system, for which the cross TRX correlation is 100%. 
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Figure 5 AAS agressor and AAS Victim (Scenario 1-b, victim oeprates 0 degree downtilt

Figures 6-8 show the throughput impact of an AAS agressor with the TRX correlation varying from 100 to 50 0% and the RX ACS fixed at 33dB.  When the victim system sets a downtilt of zero degrees, these results indicate that adjacent channel interference should not cause a significant throughput loss. However since both systems are likely to take advantage of AAS functionality, it is unlikely that in most cases the victim system will be operating with zero degrees downtilt.
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Figure 6 AAS agressor, AAS Victim (Scenario 1-b), 0 degree downtilt on victim, 100% correlation, ACS = 33dB
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Figure 7 AAS agressor, AAS Victim (Scenario 1-b), 0 degree downtilt on victim, 50% correlation, ACS = 33dB
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Figure 8 AAS agressor, AAS Victim (Scenario 1-b), 0 degree downtilt on victim, 0% correlation, ACS = 33dB
Table 2 captures  mean and 5th percentile throughput with several downtilt levels when the correlation is 50%. With no downtilt on the victim system, the 5th and mean throughput are similar.

	Downtilt
	Throughput loss (Mean)
	Throughput Loss
(5th Percentile)

	0
	0.5
	0.1

	10
	1
	1

	20
	0.5
	0.1

	30
	0.5
	0.1


Table 2 AAS Agressor, AAS victim (Scenario 1a), 0 degree downtilt applied on victim system, 50% correlation, ACS=33dB
5 Results with victim downtilt fixed at 10 degrees

5.1 Scenario 1-a AAS agressor, AAS victim

Figure 12 shows throughput degradation to a victim system with 10 degrees downtilt of an AAS system, for which the cross TRX correlation is 100%. 
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Figure 12 AAS agressor and AAS Victim (Scenario 1-a), victim oeprates 10 degree downtilt

Figures 13-15 show the throughput impact of an AAS agressor with the TRX correlation varying from 100 to 50 0% and the RX ACS fixed at 33dB. 
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Figure 13 AAS agressor, AAS Victim (Scenario 1-a), 10 degree downtilt on victim, 100% correlation, ACS = 33dB
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Figure 14 AAS agressor, AAS Victim (Scenario 1-a), 10 degree downtilt on victim, 50% correlation, ACS = 33dB
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Figure 15 AAS agressor, AAS Victim (Scenario 1-a), 10 degree downtilt on victim, 0% correlation, ACS = 33dB
Table 1 captures  mean and 5th percentile throughput with several downtilt levels when the correlation is 50%. With 10% downtilt in the victim system, signficant throughput in the 5th percentile can be observed.

	Downtilt
	Throughput loss (Mean)
	Throughput Loss
(5th Percentile)

	0
	2
	8

	10
	3.2
	12

	20
	1.1
	8

	30
	0.9
	4


Table 1 AAS Agressor, AAS victim (Scenario 1a), 10 degree downtilt applied on the victim system, 50% correlation, ACS=33dB
6 Conclusion

The results shown in this document indicate a tendency that where two AAS systems must co-exist in adjacent channels, 5th percentile throughput can become compromised when both systems apply downtilt. The impact on co-existence of the AAS agressor depends on the downtilt levels set in victim and agressor and on the degree of cross TRX correlation. 
Further investigation is required to quantify and better understand the sensitivity of AAS co-existence to application scenarios, and to determine whether it is possible and how to set requirements that are independent of application.

Furthermore, the investigations in this paper are based on antenna connector ACLR, but this may be neither suitable or accessible for measurement. A companion paper discusses means for defining TX requirements [2]
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