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1. Introduction
This contribution discusses the use of beam sweeping in OTA testing and its impact on needed angular step for proper TRP assessment. The TRP value can be formulated as the full sphere angular average of the power density patterns times . Hence, it is relevant to study angular average convergence with respect to used angular step. To simplify visualization this is done only for patterns in the horizontal plane, and using a 10x10 uniform rectangular array with  element spacing. A grid of beams, separated with the half power beamwidth of a broadside pattern at the fundamental frequency are studied. Both patterns at the fundamental and at the 2nd harmonic, i.e. twice the fundamental frequency, illustrate the effect of beam sweeping on angular average using different angular steps.

2. Discussion
The effect of beam sweeping is illustrated by using a 10x10 Uniform Rectangular Array (URA) with 0.55 wavelength element distance at the fundamental frequency. A grid of beams is used which is realized by a constant phase-gradient steering and corresponding pointing directions separated by the half power beamwidth, 9.26 degrees, for a broadside beam at the fundamental frequency. At the second harmonic the same phase-gradient excitation is used which results in increased beam steering. At both frequencies a fully correlated excitation is used. Two extreme cases are studied: A narrow service area with only 3 beams and a wide service area using 11 beams corresponding to +- 46 degree beam scanning range.
2.1 Fundamental frequency
To illustrate the impact on angular resolution, i.e., the number of angular points needed to calculate an accurate average value, a 10x10 Uniform Rectangular Array (URA) is used. In Figure 1 a broadside beam is depicted.
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[bookmark: _Ref513035238]Figure 1 Fixed beam pattern for a 10x10 element URA with element spacing 0.55 wave lengths
A grid of beams is used as an example of beam sweeping. Adjacent beams are separated with Half Power Beam Width (HPBW) of the broadside beam, and is in this case 9.26 degrees. A Huygens source, i.e. a crossed pair of electric and magnetic dipole is used as element pattern. The element directivity is 4.77 dBi (3 in linear scale) and the beamwidth of the element pattern is 131 degrees. An ideal array of isolated element patterns is modelled to illustrate ideal effects.

[image: ][image: ]	Comment by Aidin Razavi: The legend text is too small
[bookmark: _Ref513035722]Figure 2 Grid of beams for a narrow service area (left) or a wide service area (right). The angular separation between the beams is the -3dB beamwidth of the broadside beam of Figure 1.
Observation 1: The peaks and sidelobes of the scanned beams follow the element pattern.
Figure 3 shows the patterns obtained if measured with a Spectrum Analyzer in Max hold or Average mode, respectively. The max hold patterns contain some points of discontinuous derivatives which will have small impact on the end result on angular convergence whereas the average patterns appear smoother. Note the flat area corresponding to the scan range of the beams.
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[bookmark: _Ref513035797]Figure 3 The resulting patterns when measuring with a spectrum analyser in Max Hold or Average mode, respectively. The left/right pictures refer to the grids of beams used in Figure 2.
Observation 2: The average pattern of the scanned beams is ideally flat within the scan region and is elsewhere smoother than the fixed beam patterns. 
Figure 4 depicts the average EIRP values (average in linear scale) for the max hold patterns, average patterns and the scanned beam patterns. The average value of the scanned pattern clearly converges when the angular step is below the reference step 11.6 degrees. Note that the beam scanning has no effect on the average value using the ideal model. In reality, the average EIRP will be affected by the mutual coupling, which for most designs is a small effect. For sampling steps greater than the reference step, the average values of the scanned beam vary significantly and correspond to a large error. The average of the average pattern shows very stable behaviour, In the wide service area case (right) a sampling of 30 degrees yields a negligible error for practical purposes. For a narrow scan (left) the error is significantly reduced compared to no beam scan, when under-sampling is used (angular steps larger than 11.6 degrees). Finally, the average of the max hold pattern (red curves) behaves roughly as the average of the average patterns except for a ripple which is probably caused by discontinuous derivatives resulting from the idealistic modelling and the discrete nature of the max of beams function. Adding some noise would probably reduce the ripple.
The most important conclusion is however that the angular average of the average pattern coincides with the angular average (TRP) of all the scanned beams when the sampling criterion, step less than 11.6 degrees, is met. 
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[bookmark: _Ref513036286]Figure 4 Convergence analysis for calculation of the average EIRP values using different number of points for the azimuth angle φ. The reference angular step is 11.6 degrees and is marked with a vertical dashed line. (left) narrow scan area, and (right) wide scan area.
Observation 3: Angular averages are independent of beam index (ideal modelling). For angular sampling steps smaller than the reference step, the average of the average pattern is close to the average of each beam pattern.
2.2 Second harmonic
To quantify these effects on a harmonic frequency a slightly more realistic model is used. In this model the element pattern is a full wave simulation of an embedded pattern, using one row of neighboring elements, i.e., 8 neighbor elements. The excitation for the scanned beam is exactly the same as for the fundamental frequency.
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Figure 5. Pattern of the 2nd harmonic when a fixed broadside beam of Figure 1 is used at the fundamental frequency.
Observation 4: The radiation peaks are not in the broadside direction at the 2nd harmonic.
[image: ] [image: ]
Figure 6. Patterns at 2nd harmonic when in-band antenna weights of Figure 2 are used.
Observation 5: The emission beams follows the element pattern also for the 2nd harmonic.

[image: ][image: ] 
Figure 7. Max hold and beam average patterns at 2nd harmonic for narrow and wider grid of beam used in Figure 3.
Observation 5: The average patterns for the 2nd harmonic have a smoother shape compared to the individual beams.

[image: ] [image: ]
Figure 8. Convergence analysis for emission patterns at 2nd harmonic for narrow (left) and wide (right) grid of beams. 
Observation 6: The conclusions on angular convergence are the same compared to the fundamental frequency, see Figure 4.
The converged angular averages, i.e. values using angular steps lower than the reference step, depend on mutual coupling between antenna elements. Therefore, with the simple model at hand assuming no mutual coupling, it is hard to draw any conclusion on the actual discrepancy between the values for the scanned beams and the average pattern. The discrepancy seems to be higher when the element has non-negligible radiation in the backward direction, which is not the case of a realistic antenna array implementation.
2.3 Implementation proposal for beam sweeping
[image: ]
Figure 9 On a symbol basis the phase and amplitude settings of each antenna element is set to generate a beam. 
For LTE (1-O) the beam sweeping test mode can be to transmit random data at maximum transmit power while stepping through the codebook. For NR (1-O and 2-O) a model for beam sweeping is the SS/PBCH block, comprising synchronization signalling and broadcast signalling for initial access. This allows for sweeping all beams within 5ms. However, these signals do not use full transmit power and can be implemented without beam-sweeping, using e.g. a single antenna element. Therefore, we propose a dedicated test mode where all active antenna elements are exercised to sweep the beams, and full transmit power is used for all antenna elements. 
3. Conclusion
  
Conclusion 1: The TRP calculated from the beam average pattern is similar to the TRP of all individual beams.
Conclusion 2: The error in TRP calculation for the beam average pattern is small, even if the angular steps are significantly larger than the reference angular step.
Proposal: Define appropriate test modes for LTE 1-O and NR 1-O and 2-O utilizing beam sweeping to reduce measurement time, decrease the risk of missing emissions, and to test the DUT under dynamic normal operation mode. 
For TRP measurements on harmonics of the carrier frequency, beam sweeping is of special interest as these emissions tend to be highly correlated. The results show that the calculated TRP from the beam average pattern is very close to the TRP of all individual beams. The advantage would be the possibility to use a sparser spherical grid, without the need to find the peaks of the emissions
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