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----start of changes----
Annex X.Y Beam sweeping test mode
For emissions with a high beam-forming gain, correct assessment of TRP requires grid measurements at small angular steps. In a measurement where the EUT is mounted on a turntable this turns into a large number of mechanical rotations of the EUT and hence lengthy measurements. One efficient way to mitigate this problem is to use electrical beam sweeping as a complement to mechanical rotations. Instead of performing the TRP measurements using a fixed beam, the BS will be programmed to move the beam across several pre-defined positions, while the power samples are recorded for each point on the grid.
 Such method could be advantageous not only for in-band signals, but also for spurious emissions characterized by high beamforming gain, such as harmonics. 
The results below show that the calculated TRP from the beam average pattern is very close to the TRP of all individual beams that are included in the sweeping. The advantage of this method would be the possibility to use sparser spherical grid compared to reference angular steps, and without the need to find the peaks of the emissions.

X.Y.1 Simulation results
The effect of beam sweeping is illustrated by using a 10x10 Uniform Rectangular Array with  element separation at the carrier frequency. A number of beams is realized by a constant phase-gradient steering. 
The beam sweeping range is selected to completely avoid the forming of grating lobes and the angular step between two lobes is selected as the Half Power Beamwidth (HPBW) of a broadside beam.
In the example of Fig. X.Y.1-1 the reference angular step is 11.6 degrees ()=1/5 radians). For the harmonic in Fig. X.Y.1-2 the reference step is 5.8 degrees. The full sphere average of the EIRP is the TRP. For simplicity, only sweeping in the horizontal plane is employed.EIRP data in a horizontal cut is used and average EIRP denotes an angular average in the horizontal plane using different step sizes. In the case where a fixed beam is used it is seen that the average EIRP is not correct when the sampling angular step is larger than the reference angular step . However, when the EIRP pattern is first averaged over all beams (blue curves) the average EIRP is virtually constant for any angular step up to 36 degrees, see figure X.Y.1-3. 

	[image: ][image: ]

	Figure X.Y.1-1 In the left figure severalthe beam patterns of the array a grid of beams for a 10x10 array areis depicted, together with the corresponding element pattern. In the right picture two different settings of a spectrum analyser are simulated. In theUnder the “Max hold” setting of the analysercase the maximum EIRP over all beams is detected presented at every angular point. Under the, and in the “Average” settingcase the average EIRP over all beams is presenteddetected. The latter case is the correct intended setting to use for TRP assessment. 
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	Figure X.Y.1-2 The beam sweeping at the 2nd harmonic frequency is simulated using an embedded element pattern. Left plot depicts the EIRP patterns of individual beams. Right plot depicts the max hold and beam average EIRP patterns.



	Fundamental frequency
	2nd harmonic

	[image: ] [image: ]

	Figure X.Y.1-3 Calculation of average EIRP in the azimuth cut by using different angular step sizes. The yellow curve corresponds to a fixed broadside beam (perpendicular to the antenna array surface), and all the green curves correspond to steered, but fixed beams. The variation in TRP for different beams at the harmonic is due to grating lobe effects.


X.Y.2 Measurement results
The effect of beam sweeping to measured dataon an AAS BS employing a 4x16 array, is depicted in Figures X.Y.2-1 and X.Y.2-2. Measurements were performed in a CATR, in far-field conditions.
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	Figure X.Y.2-1 EIRP values for measured data in a horizontal cut and versus frequency (in relative scale).



	[image: ][image: ]

	Figure X.Y.2-2 To the left measured data for a horizontal cut are shown at a single frequency. A significantly broader pattern is detected for the beam sweeping signal (spectrum analyser in “Aaverage” mode). To the right the angular average of the EIRP values are depicted for different angular step sizes.
X.Y.3 Design of beam sweeping test signal

The following design criteria have been identified:
1. Full transmit power is used for all beams.
2. Beam directions of the SSB block are used, or alternatively the hHorizontal beam separation shall be the HPBW in the azimuth direction and the vertical beam separation shall be the HPBW in the vertical direction, evaluated for a broadside beam.
3. Lobes with high scan loss compared to the broadside beam are avoided. (Scan By loss we meanis the reduction in beamforming gain between different positions of the beam)
The motivation for the third criterion is to have a fairly constant TRP for the used beams. The scan loss can be due to both loss in element pattern gain, but also due to adverse mutual coupling effects. In extreme cases scanning the beam can lead to full or partial scan blindness. This implies that a large portion of the transmitter power is reflected back into the antenna array, and hence the TRP of such lobes will be low. 
 Removing lobes with high scan loss gives a beam average TRP that is close to the TRP for any individual beam.
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----end of changes----
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