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1 Introduction

An open issue in the AAS Study Item is the investigation of TX requirements on an AAS installation to ensure workable coexistence with systems (both AAS and non AAS) in adjacent channels. Traditionally, co-existence is managed by means of setting requirements on transmitter emissions such as ACLR, SEM and spurious emissions at the antenna connector. Companion paper [1], [2] indicates that in a macro deployment with the most simple type of AAS application (electronic downtilt), there is some dependency of the system impact due to co-existence on the AAS application and the degree of correlation between TRX outputs (Other types of scenario than macro have not yet been investigated).
It may not always be possible to measure the TX characteristics at each antenna connector for some types of AAS installation. Furthermore, given that there exist a large variety of implementation options and application scenarios for AAS, it is desirable to consider setting requirements in a manner that is future proof across basestation types, AAS and antenna implementations and applications. Apart from these considerations, regulatory requirements that emissions are defined in the far field should also be considered, which implies that at least the requirement point may not be possible to be located at the antenna connector [4]
This paper considers ACLR and discusses the merits of different potential methods for setting requirements relating to leakage of unwanted components into the adjacent channel. Unwanted components will be generated in each TRX due to processes such as intermodulation and PA non linearity. Between TRXs, some unwanted components may be correlated in phase and amplitude. These components will experience similar array effects to the signal in the wanted band, which will depend on the AAS application. Other components of the unwanted interference may be uncorrelated between TRXs. Uncorrelated components will not experience any array effects, but will contribute interference power in the adjacent band. Fully uncorrelated interference components will experience a radiation pattern the same as the individual radiation patterns of the sub-arrays driven by each of the individual TRXs. The process of setting requirements needs to consider the impact of correlation between TRXs and the possibility of differing levels of correlation dependent on implementation.
This paper will consider the baseline concept for AAS, which consists of an electronic downtilt application and a 10 element vertical array, in a macro deployment environment [3] as this is the first priority in the study item, although further deployment scenarios may also need future consideration.
2 Requirement and testing points for adjacent channel emissions
Ideally, a means for setting adjacent channel emissions requirements for AAS should have the following characteristics:

· Independence from implementation characteristics

· Degree of correlation between TRXs etc.

· Configuration of antenna sub-modules

· Antenna characteristics

· Independence from the AAS application

· Simplicity

· Avoid complex requirement definitions

· Avoid creating unnecessarily tight requirements

· In line with a means of defining regulatory requirements

The following set of reference points for setting requirements consider applicability for each of these characteristics
2.1 Per antenna ACLR

Depending on the AAS implementation, per antenna ACLR may be difficult to measure due to antenna connectors not being available. [1] and [2] suggest that different AAS applications may cause somewhat different amounts of degradation with the same per antenna connector ACLR. Furthermore, depending on the AAS application the relation of per antenna ACLR to far field effects may not be well defined.
2.2 “Spatial” ACLR
One method for setting an ACLR requirement is to set e.g. a minimum ACLR at any point in space. In this context, ACLR refers to the ratio of the in-band power measured at the specific point in space to the adjacent channel power, measured at the same point.
If the adjacent channel interference is perfectly correlated with the in-band interference, then the spatial ACLR will be equivalent to the per antenna connector ACLR. However with some level of decorrelation between the unwanted emissions between TRXs, the spatial ACLR will show variation. Figure 2 shows graphical distribution of spatial ACLR estimated for a single sector based on the simulation assumptions of [3] and with the per TRX ACLR set to 45dB, with an electronic downtilt of 20 degrees. It is clear that there is a significant potential for the spatial ACLR to vary and apparently become much lower than the per TRX ACLR, depending on where the ACLR is measured. 
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Figure 1 Pattern for cross TRX correlated adjacent channel interference (left) and uncorrelated adjacent channel interference (right)
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Figure 2 Map of “spatial” ACLR around a single sector antenna with 0% cross TRX correlation (left) and 50% correlation (right)
However the spatial ACLR is a ratio of two quantities that are both subject to antenna gain and pathloss. Thus it is defined at every point in space, regardless of the absolute amount of adjacent channel interference that is present. Many of the areas of low ACLR in Figure 2 are in fact not likely to cause a system performance issue, because the absolute interference level is also low, as shown in Figure 1.

It is FFS whether it is possible to set some minimum value for spatial ACLR that will ensure co-existence for different types of AAS installation and application.

A requirement based on spatial ACLR could be set independently of AAS implementation and application. However it’s relevance is not clear where the interference level is low, and defining a simple requirement may not be straightforward. Further study is needed as to how a spatial ACLR requirement could be set and how spatial ACLR relates to system performance.
2.3 “Boresight” ACLR

An alternative approach is to set a requirement on ACLR defined at a single point in space that is within the “boresight” of the AAS array. The “boresight” would need to be defined but could, for example be zero degree horizontal and vertical azumith to each of the antenna elements. For complex AAS structures and applications, “boresight” may be more difficult to define.

Figure 3 indicates the “boresight” ACLR where the electronic downtilt is set to 20 degrees as a function of vertical angle to the antenna array and considering 0% and 50% correlation. It can be seen that within the main beam, ACLR is high. Outside of the beam, the ACLR appears lower. Thus the measured ACLR will depend on what is defined as the “boresight”
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Figure 3 ACLR vs vertical angle for “Boresight” ACLR (20 degree downtilt), red = 50% correlation, blue = 0% correlation
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Figure 4 “Boresight” ACLR depending on the downtilt configured in the AAS, where the “Boresight” is set at 20 degrees
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Figure 5 ACLR vs cross TRX correlation for 20 degree DT AAS, boresight ACLR measured at 20 degree vertical angle
The boresight method implies dependency on the AAS application, since the ACLR distribution will be application dependent. Figure 5 shows the ACLR measured at 20 degrees vertical angle with varying levels of electronic downtilt. The measured ACLR clearly depends on the configuration in the AAS. The same result would occur regardless of the chosen “boresight” and indicates that boresight ACLR is not independent of the AAS application.
Whether the boresight method is implementation dependent or not depends on the test method. Figure 5 indicates that the boresight ACLR is dependent on the per TRX correlation.
In general, the boresight method should allow for a simple requirement setting, but the relation of boresight ACLR to system performance needs further study.

2.4 “Zero phase difference” ACLR

A further alternative may be to define a measurement point such that the received in band signal from the AAS aligns in phase. It could then be argued that the adjacent channel interference will be at it’s worst case value, thus an ACLR requirement set based on this point would ensure co-existence.

However setting an ACLR based on zero phase difference does not easily relate to the spatial distribution of interference and it’s impact on system performance. Zero phase difference will not occur at most points in space. As shown in section 2.1, at many points in space the ACLR could be lower, and it is possible that an unacceptable level of interference may be spread over a wide area even though the ACLR measured at “zero phase difference” appears acceptable.
It is straightforward to relate the zero phase difference ACLR to the per TRX ACLR:
Per TRX ACLR = ρ*(zero phase difference ACLR) + log(-N) * ( sqrt(1- ρ^2) * (zero phase difference ACLR) )

When the unwanted emissions are not well correlated between TRXs, the “zero phase difference” ACLR will increase above the per TRX ACLR by a factor dependent on the number of antennas, since the in-band signal will combine coherently, whereas the adjacent channel interference will not combine fully coherently.
Consider 10 AAS antennas and a zero phase ACLR set at 45 dB. Figure 6 shows the per TRX ACLR in dependence on ρ, the cross TRX correlation in unwanted emissions. Where ρ is high, the adjacent channel emissions per TRX combine constructively in the same way as the in band signal, hence the per TRX ACLR and “zero phase” ACLR become similar. However when the interference is not correlated across TRXs, the per TRX ACLR can be much lower than the “zero phase” ACLR, since the interference does not combine coherently in the same manner as the in band signal. Comparing with the results in [1] and [2], where ρ is high, 45dB would be a sufficient requirement whereas for low ρ, 45dB “zero phase” ACLR would relate to much lower per TRX ACLR, which would not be sufficient.
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Figure 6 Per TRX ACLR in dependence on cross TRX correlation for a “zero phase difference” ACLr of 45dB
Thus the “zero phase difference” ACLR implies a dependency of the requirement on ρ, which implies that the requirement is dependent on the implementation. Furthermore, the mapping of the zero phase ACLR and the implication of ρ to system performance is not clear and may depend on the antenna characteristics and AAS application.
2.5 Spatial absolute interference level / “Fixed Reference” ACL
Instead of the ACLR, an alternative is to measure the absolute level of adjacent channel interference at each point in space. In this case, a maximum absolute level could be set that would ensure co-existence. Alternatively, to cope with basestations with differing PA power, a maximum absolute interference level could be set that depends on the basestation TX power:

Maximum interference level = (Max interference if BTS power were 0dBm) * BTS power

This above approach could be reformulated as a “fixed reference” ACL:

“Fixed reference ACLR” = BTS transmit power / Adjacent channel interference at point X in space

The advantage of such a fixed reference approach is that when the absolute interference level is low (due to e.g. distance from the basestation), the fixed reference ACL is high. Spatial ACLR, on the other hand can appear to be low and not to meet requirements in areas of low signal strength, since it is a ratio of received signal strength from the aggressor basestation in which array gain and pathloss appear in both the numerator and denominator.
A fixed reference ACL, if it could be set, would allow for a requirement to be set that would be independent of AAS application and potentially implementation and antenna characteristics. It is FFS how exactly to set a value for the fixed reference ACL and how to relate a requirement for fixed reference ACL to system performance. An ACL defined in such a manner would require consideration of the minimum expected pathloss to the AAS system.
3 Conclusion

This paper has considered means of setting TX performance requirements, in particular relating to adjacent channel emissions. In AAS systems, it is not necessarily possible to set and measure requirements at the antenna connector and anyhow desirable to set requirements that are applicable to different systems with different antenna characteristics, implementation and application.
Spatial ACLR allows for some degree of independence, but is limited by the fact that it is defined even at points in space at which the interference level is low. Boresight ACLR and zero phase ACLR are more straightforward to define, but are likely to be implementation and application dependent, and further study is required on their relation to system performance. Fixed reference ACL shows some promise as it overcomes the limitation of spatial ACLR, however further study is required on exactly how to define a fixed reference ACLR value and how it relates to system level performance.

[1] and [2] indicate some dependency of co-existence performance on AAS application. Further study is required to select a good method for setting AAS TX requirements and relating the requirements to system performance.
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