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Introduction

AAS transmitter emissions performance in adjacent channels has been discussed mainly in the context of consideration of ACLR. Numerous papers have been submitted regarding the spatial distribution of ACLR and simulations of spatial ACLR. This paper offers considerations on the definition of adjacent channel performance in AAS systems and recommendations on application of ACLR and possible other metrics of adjacent channel emission performance for AAS systems.
Discussion

ACLR is defined [1] as:

“the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency”

Transmitter emission into adjacent channels is an important consideration when judging coexistence between systems operating in adjacent channels. It is obviously desirable to limit the amount of power radiated into an adjacent channel so as to limit interference to adjacent channel receivers. However, it is advantageous to employ high-power base stations in some WA applications involving large cell radii or problematic coverage situations. In these situations, it may be the case that interference power will experience the same adverse propagation effects as the main signal and thus higher absolute levels of interference power measured at the antenna connector may be acceptable. Hence, 3GPP specifies the ratio of assigned channel power to adjacent channel power instead of specifying absolute adjacent channel leakage power. Requiring a high-power transmitter implementation to comply with the same level of absolute adjacent channel leakage power at the antenna connector as a lower-power implementation unreasonably penalizes the higher-power implementation.
Spatial aspects of Adjacent Channel Leakage Ratio
The point of specifying ACLR is mainly to limit the interference caused by spectral power leakage from the carrier signal in its assigned channel to the adjacent channel. However, a full evaluation requires analysis of the interference budget at the UE receiver.

The inter-system interference experienced by a UE from a conventional base station can be expressed as
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Where the first bracketed term represents the response of the UE to the interfering transmitter carrier power inside the assigned frequency channel (i.e., adjacent channel selectivity) and the second bracketed term represents the power leaked from the interfering transmitter outside of its assigned frequency channel (i.e., the adjacent channel leakage). H represents the transmission channel gain, Gtx and Grx are transmit and receive antenna gains, respectively, and
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The problem in applying this equation to an AAS system is that it assumes that the adjacent channel leakage components experience the same antenna gain as the in-channel signal. As has been shown before, leakage products into the adjacent channel may experience a different antenna gain than the desired signal. In other words, Gtx(in-channel) is not generally the same as Gtx(adjacent channel).
Gtx(in-channel) is only equal to Gtx(adjacent channel) if the out-of-band products are perfectly correlated with the main signal. In this case, it makes sense to select a point aligned with the antenna bore sight as the requirement reference point for ACLR, as the antenna gain, and thus out-of-band noise power is maximized at this point. Further, for the case of perfectly correlated out-of-band products, it would make sense to re-use existing 3GPP requirements for ACLR as perfectly correlated out-of-band products experience the same gain as the unwanted signal in all directions.
As the out-of-band products become less correlated, the associated noise power emitted along bore-sight will be less than in the perfectly correlated case. Measurements along the bore-sight for this case should yield better ACLR results since the out-of-band noise power will be less than the perfectly correlated case, and thus the ratio of desired signal to out-of-band noise will be greater. However, at any other point, the desired signal level will not be maximized. Remembering that ACIR is typically limited by the UE ACS, it is important to consider at what point the UE will suffer the worst interference.
An extreme case is one in which all out-of-band products are perfectly correlated, but with a phase angle that directs the ACLR beam into a null of the desired signal (the “anti-correlated” case). A UE placed in that null will receive the maximum ACLR power. The ACLR in this case will be negative or infinite in a negative sense. However, the total interference will still be less than the case of a UE in the main beam. 
Based on these considerations, it is unclear that ACLR makes sense as an over-the-air performance metric. It is thus recommended that the Requirement Reference Point for ACLR be placed at the transceiver boundary.
Practical considerations

As it is used now, ACLR is essentially a characterization of PA linearity. PA linearity is influenced by device selection, efficiency targets, amplifier architecture, and other factors which are independent of the antenna system. There is a need to characterize PA linearity for AAS base stations, but this need is independent of AAS spatial performance. Parameters other than ACLR should be developed to characterize spatial aspects of unwanted emissions.
Transformation from Requirement Point to OTA Test Point

In order to allow flexibility in base station design, test points must be defined at both the transceiver boundary (i.e., “antenna connectors”) and for radiated measurement plans. Assuming selection of the transceiver boundary as the requirement reference point, the requirement reference point and the test point are identical.

For the radiated test point case, it is recommended to place the test point in alignment with the bore-sight of the AAS. For the reasons mentioned above, this will offer the best characterization of PA linearity. Other spatial aspects of unwanted emissions require further consideration. Transformation of the requirements from the transceiver boundary to radiated requirements is trivial as the ratio between conducted wanted and unwanted components of the transmitter output translates simply to the ratio between wanted and unwanted radiated components.
Conclusions

Based on consideration of how interference adds at the UE, spatial consideration of ACLR should be replaced with other considerations of spatial radiation of unwanted emissions. ACLR should be retained as an AAS requirement, but only as a characterization of PA linearity. The requirement point for ACLR is thus best placed at the transceiver boundary. This provides a clear path to test points at the transceiver boundary and for radiated test points.
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