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Introduction
[1] introduced the topic of setting specific receiver requirements for AAS systems starting from considerations which are used to set requirements for conventional base stations. This paper provides further comments on this topic.

Discussion
AAS receiver processing
The utility of diversity receivers in interference-limited systems is well known. Such receivers have been treated extensively in the literature. Without referring to a specific algorithm, diversity reception can be very generally described as combining weighted receiver outputs to optimize some desired performance metric. The choice of weights can either be predetermined, i.e., in order to form a particular sort of beam pattern, or the weights can be the output of an algorithm designed to maximize the SNR of the output signal. The maximization algorithm can conceptually be performed very quickly to adapt the receiver weights to channel characteristics or other dynamic environmental characteristics. In a multiuser system, weights can be optimized independently for different users if users receive orthogonal allocations.
AAS (at least in the receiver direction) can be viewed as a special case of diversity reception.
In a cellular system, forming a particular spatial beam pattern is of secondary interest compared to maximizing the SNR at the output of the receiver. In the absence of interferers, the weights chosen to maximize SNR may form a spatial pattern that is centred on the desired signal. However, in the presence of interferers (as would be typical in a cellular system), the optimized weights may not centre the formed beam on the desired signal. An optimum SNR might be achieved by choosing weights that cancel a strong interferer, possibly steering the beam somewhat away from the desired signal. Other algorithms may attempt to steer nulls towards interferers at the expense of processing gain applied to the desired signal. Either technique is constrained by the size of the array and complexity of the weight selection algorithm.
Note that actual AAS receiver algorithms (the weight selection implementation in particular) may have other goals in addition to maximizing SNR. However, for the sake of keeping the discussion manageable, the discussion will assume that SNR maximization is a main goal of the algorithm and secondary considerations may be safely deferred. Also, many details are overlooked in the discussion to facilitate the presentation. Such details (e.g., correlated vs. uncorrelated noise) are important, but not directly relevant to the discussion.
Testing receiver sensitivity

Sensitivity is a measure of the receiver’s ability to receive a wanted signal in the presence of noise. For AAS, we may consider either the sensitivity of the system or the sensitivity of an individual receiver.
The sensitivity of an individual receiver could be tested using the same method used for testing conventional receivers, i.e., by a conducted test. In terms of adjusting receiver weights, the best choice for maximizing SNR in this test configuration would be to assign the weight for the tested receiver to unity and the weights for the untested receivers to zero, as the untested receivers can only contribute noise.

The equivalent OTA sensitivity test for a single receiver in an AAS array could be constructed by connecting the tested receiver to its antenna element or sub-array, terminating the other receivers in the array, and placing the desired signal source somewhere in the beam of the tested receiver’s antenna element or antenna sub-array. The power level of the desired signal source is predicted by the following equation. 
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where:
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 is the power level of the source signal
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 is the sensitivity level
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 is the path loss between the antennas of the source and the receiver, and
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 are the antenna gains for the receiver antenna (or sub-array) and the desired signal source. Note that the sensitivity of a conventional base station receiver could be tested in the same way.
If the source is moved to different locations within the receiver antenna (sub-array) beam, the level of the desired signal source must change to account for differences in path loss and relative antenna gains in order to main the same desired signal level at the receiver input. However, the optimum choice of antenna weights remains the same as for the conducted test, i.e., unity for the tested receiver and zero for the untested receivers.

But this procedure doesn’t work for the AAS system test. The level of the OTA desired signal source must be adjusted as the formed gain of the beam changes. However, this gain is unpredictable. As the source moves through the coverage area, the weight selection algorithm will respond to differences in time-of-arrival, differences in the gains of the individual receiver antennas (or sub-arrays) and possibly differences in path loss between individual rays. As noted above, the gain of the formed beam exists only as a side-effect of maximizing SNR. If the weight-selection algorithm isn’t directed at forming a particular beam shape, there is no reason to expect that the formed beam will produce the same effective gain in different directions.
It may be that variation of the formed beam gain is on the order of a few dB throughout a given coverage area. However, receiver sensitivity is typically a difficult measurement, and 3GPP has already allowed 1dB of margin in the sensitivity specification to accommodate this difficulty. Increasing the margin to accommodate an OTA test decreases the tests usefulness.
Testing receiver blocking

The situation is complicated when an interferer is introduced.  In this case, the weights will adjust not only based on differences among the receiver responses to the desired signal, but will also adjust based on the receiver responses to interference. This makes the gain of the formed beam even harder to predict than for the sensitivity test.
A more important point is that OTA blocking performance is dependent not only the power difference between the blocker and desired signal but also on the positions of the desired signal and blocker relative to the receiver. For example, assume that the weight selection results in a formed beam such that the main lobe is centred on the desired signal and the interferer falls in a null (see Figure 1). 
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Figure 1 Interferer in pattern null
If the interferer moves in the direction of the upper side lobe (see Figure 2), the SNR maximization criteria is shifted and the receiver should react by computing new weights to re-maximize the desired signal SNR. This will result in a differently formed beam pattern, which may decrease the array gain applied to the desired signal. Based on the definition of blocking for conventional systems (ratio of desired to interfering powers), moving the interferer in space effectively changes the blocking performance of the system.
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Figure 2 Interferer moves towards sidelobe
On the other hand, if the interferer moves into the main lobe such that it is aligned with the desired signal, then the array is unable to change SNR by adjusting the weights. The worst case blocking scenario for AAS occurs when the blocker is aligned with the desired signal (Figure 3) as the processing gain of the antenna array is effectively neutralized. This may be judged to be an unrealistic case when considering the likelihood that a blocker will be aligned with a desired signal and that they will be transmitting simultaneously and that the blocker will be close to the victim system but the desired signal is at the edge of coverage. Note that this is still somewhat better than what would happen with a conventional base station when the maximum antenna gain is applied to the interferer since the desired signal isn’t necessarily (or likely) located in a position where it experiences maximum antenna gain.
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Figure 3 Interferer moves into main lobe
Implications for selection of Reference Point
It seems logical that the reference point (i.e., the theoretical point where a system requirement must be met, not necessarily the actual point where test measurements are performed) for an OTA test would should be defined somewhere in the coverage area of the AAS. It is apparent from the above discussion that this isn’t a simple matter, since the required desired signal level of an OTA source is not predictable to the necessary degree.
However, this isn’t really any different than the case for conventional base stations. For uplink, the “coverage area” in a conventional deployment is the combination of receiver sensitivity and the specific pattern and gain of the antenna connected to the receiver (along with feeder losses, etc.).  There’s no point in trying to measure sensitivity for a conventional base station OTA because the base station must be compatible with many different kinds of antennas with many different characteristics. 
The choice of the reference point must therefore be pragmatic and focus on a point where performance can be predicted. It must also test the system’s ability to maintain system throughput, which is at least partially a function of the weight selection algorithm. 
It may be the case that the goals of pragmatism and adequate exercise of the adaptive nature of AAS cannot be satisfied with a single reference point. The following is proposed for selection of an OTA reference point:

1. Selection of a reference point along a line perpendicular to the array as the first point for the sensitivity test. This point is directly “in front” of the array. The distance of the point from the array is chosen to be on the theoretical edge of the coverage area based on the combination of single-element/sub-array gain and the processing gain (10log10(N)) of the array. 
2. A second reference point is identified for the sensitivity test which is offset in angle from the first reference point and demonstrates the adaptive processing of the antenna array. The performance at the second reference point is degraded by some degree from the performance at the first reference point to allow for implementation losses compared to the theoretical processing gain which is intrinsic to the array.

3. The blocking test should use the same set of reference points as the sensitivity test for the desired signal. This reduces a source of uncertainty in setting the desired signal level for the blocking test.

4. For each set of desired signal reference points, multiple reference points may be necessary for the blocking signal. This is because the effectiveness of the antenna array in cancelling interference depends on the location of the interference source. Different blocking requirements may be set at the different reference points.
Conclusions

· Sensitivity and blocking requirements for AAS must be based partially on the processing gain associated with the AAS design.
· OTA considerations regarding the performance of these measurements indicate that multiple reference points are necessary to guarantee acceptable performance.
· Blocking tests should be designed to share the same test configuration as the sensitivity test to minimize uncertainty.
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