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Introduction
In this contribution we provide TP to External TR on OTA BS testing for the annexes D, E, F on beam sweeping, sparse sampling and power density measurement close to BS. 
Technical content is based on the draft TR shared on the RAN4 Drafts reflector before the e-meeting. Technical content is sourced from the following legacy TRs (indicated by individual Track Changes IDs), with additional text corrections applied by the Rapporteur: 
· TR 37.842, v13.3.0
· TR 37.843, v15.6.0
· TR 38.817-02, v15.6.0
Structure of sections is based on the TR Skeleton as in [2].
The MU / TT values in the text were highlighted for the purpose of values cross-checking in the final version of the TR, once the MU and TT sections are completed with corrected and updated inputs from the Excel spreadsheet. 
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------------------------------ Modified section ------------------------------
[bookmark: _Toc32332665]Annex D (informative):
Beam sweeping
[bookmark: _Toc32332666]D.1	Introduction
For emissions with a high beam-forming gain, correct assessment of TRP requires grid measurements at small angular steps. In a measurement where the BS is mounted on a turntable this turns into a large number of mechanical rotations of the BS and hence lengthy measurements. One way to mitigate this problem is to use 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.
[bookmark: _Toc21086767][bookmark: _Toc29769227][bookmark: _Toc32332667]D.2	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 figure D.2-1 the reference angular step is 11.6 degrees (=1/5 radians). For the harmonic in figure D.2-2 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. In the case where a fixed beam is used 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 D.2-3.
[image: ][image: ]
Figure D.2-1: In the left figure several beam patterns of the array are depicted, together with the corresponding element pattern. In the right picture two different settings of a spectrum analyser are simulated. Under the “Max hold” setting of the analyser the maximum EIRP over all beams is presented at every angular point. Under the “Average” setting the average EIRP over all beams is presented. The latter case is the intended setting to use for TRP assessment

[image: ][image: ]
Figure D.2-2: 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 D.2-3: 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
[bookmark: _Toc21086768][bookmark: _Toc29769228][bookmark: _Toc32332668]D.3	Measurement results
The effect of beam sweeping measured on an AAS BS employing a 4x16 array, is depicted in figures D.3-2 and D.3-3. Measurements were performed in a CATR, in far-field conditions, with an AAS BS that transmits one single beam that can be moved across a number of pre-defined directions. For the results using beam sweeping, see right figure in Figure D.3-2, the following beam settings were used: 
-	48 pre-defined beam directions (see fig. D.3-1) were swept, changing the beam direction every 15 usec
-	the range of beam directions is +/- 60 and +/- 15 degrees in azimuth and elevation, respectively.
-	The AAS BS is making a full rotation (360 degrees) mechanically into the horizontal plane, with a step of 1 degree. Each position was held for about 1 sec, while the spectrum analyser recorded a time averaged value of the received power (at least 1000 samples for each angular position were considered enough for good statistical average).
[image: ]
Figure D.3-1: Pre-defined possible directions of the main beam (red spots). Compared to the broadside beam (the middle one) the maximum supported steering is +/- 60 degrees in azimuth and +/- 15 degrees in elevation. The extreme directions are excluded in this experiment, so only 48 directions are swept
.
 [image: ][image: ]
Figure D.3-2: EIRP values for measured data in a horizontal cut versus frequency (in relative scale)
[image: ][image: ]
Figure D.3-3: 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 “Average” mode). To the right the angular average of the EIRP values are depicted for different angular step sizes
[bookmark: _Toc21086769][bookmark: _Toc29769229][bookmark: _Toc32332669]D.4	Design of beam sweeping test signal
The following design criteria have been identified:
1.	Full transmit power is used for all beams.
2.	Horizontal 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 loss compared to the broadside beam are avoided. By loss we mean 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 loss can be due to both loss in element pattern gain, but also due to adverse mutual coupling effects. Removing lobes with high loss gives a beam average TRP that is close to the TRP for any individual beam.
[bookmark: _Toc21086770][bookmark: _Toc29769230]

[bookmark: _Toc32332670]Annex E (informative):
Sparse sampling for spurious emissions
In the case of spurious emissions for large BSs, such as the BS, the emissions do not necessarily radiate through the antenna elements. For this reason, to be on the conservative side, the entire BS dimensions should be considered when calculating the reference angular steps on the spherical grid.
The emission lobes will be narrow and hard to locate for some emissions, especially in the higher part of the spurious emissions domain. Instead of searching for the direction of the emission lobes, it is proposed to perform the measurement on a grid without alignment considerations and add a correction factor to the TRP obtained from the grid, to ensure overestimation. This correction factor is obtained through the study of random rotations of the BS.
In practice, the emissions are likely to have a low degree of correlation, except for harmonic emissions. For harmonic emissions a beam sweeping test signal is proposed in annex C and the description of such signal is FFS. For non-harmonic emissions, a correlation factor distributed uniformly in a given interval from 0 to [image: ] is assumed when calculating the correction factor ΔTRP for the TRPestimate. The angular variation of the emissions coming from low correlated sources is dominated by the array factor, i.e., the spatial distribution of the sources. Hence, emissions can be modelled by the array factor of a set of point sources, i.e., for simplicity the element pattern is isotropic. To quantify the degree of sparse sampling relative to the reference angular steps a Sparsity Factor (SF) is introduced. For a spherical equal angles grid 
	[image: ]
Where 
	[image: ]
The TRPestimate values are then calculated by using a given angular grid defined by and  which are larger than the reference angular steps  and . The CDF of these TRP values are then created and the CDF is shifted so that the 5th percentile corresponds to 0 dB TRP error. This shift is introduced as ΔTRP, see figure E-1.
In the followings we propose a method to estimate ΔTRP for large antennas (D > 4λ), based on generating a set of statistical samples of TRP values calculated on a set of randomly generated emission sources of a given size D.
In this investigation each statistical sample is generated as follows:
1.	Set up a quadratic uniform linear NxN array in the yz-plane, with horizontal and vertical element separation
N is randomly chosen such that the element separation is larger or equal to a half wave length. 
2.	Rotate the source points by an Euler zyz-rotation with angles a, b, and c which are uniformly chosen in the intervals [0,360], [0,90] and [0,360] degrees, respectively. The rotated position of source n is denoted [image: ] 
3.	Pick a random correlation value ρ from the uniform distribution between 0 and [image: ], and generate source weights as
	[image: ]
Where [image: ] are picked from a normal distribution with zero mean and unit standard deviation.
4.	Normalize the weights to TRP = 1 by using a full sphere grid with sparsity factor 0.25.
5.	Generate EIRP values on the desired grid by using an array factor
	[image: ]
6.	Calculate the TRP value as an appropriate mean value of the EIRP values for two/three cut grids and using full sphere numerical integration for the full sphere case.
A publicly available Matlab code [1] is available. https://se.mathworks.com/matlabcentral/fileexchange/67143-sparse-sampling-analysis-tool?s_tid=srchtitle and more results can be found in Ref [2].
The resulting 5th percentile values of the empirical CDFs are used as a practical lower bound on the TRP calculated directly from the points in the actual grid. If the 5th percentile value is positive, there is no need for a systematic correction, that means ΔTRP = 0. On the other hand, if the 5th percentile value is negative, a systematic correction is needed to guarantee TRP overestimation with 95% confidence. For this purpose, the absolute value of the 5th percentile is used as systematic correction factor, denoted ΔTRP (see figure E-1). Some simulation results are found in figures E-2 (a) – (c) for two different choices of max correlation and the three grid types: full-sphere, three-cut, and two-cuts. 
[image: ]
Figure E-1: Determination of ΔTRP based on the 5th percentile values. The dashed curve depicts the empirical CDF found from the statistical analysis, and the solid curve depicts the corrected CDF corresponding to over-estimation with 95% confidence
[image: ]
Figure E-2: Correction factor [image: ] for 95% confidence overestimation of the TRP for three different electrical sizes [image: ] and correlation intervals.
[image: ]
Figure E-3: Full sphere correction factors [image: ] for max correlation up to 0.75 and D/λ=10
[image: ]
Figure E-4: Three cuts correction factors [image: ] for max correlation up to 0.75 and D/λ=10
[image: ]
Figure E-5: Two cuts correction factors [image: ] for max correlation up to 0.75 and D/λ=10
The following systematic correction factors are proposed be used in the test procedure, given the results obtained for , which is considered to be acceptable at this point.
Table E-1: For a ful sphere sparse grid the proposed correction factor is zero for angular sampling below or equal to the reference steps (SF < 1). The maximum SF is the SF at 15 degree angular sampling
	
	Full-sphere sparse grid
	Three cuts using reference angular steps
	Two cuts using reference angular steps

	Correction factor (dB)
	(SF-1)/(SFmax-1)
	2.0
	2.5



[bookmark: _Toc32332671][bookmark: _Toc21086781][bookmark: _Toc29769241]

Annex F (informative):
Power density measurements close to BS
This annex contains guidelines for measurement of power density flux on a sphere surrounding the BS. The rationale for using a small test distance (compared to the far-field of BS) is that any amount of power that radiates from the BS also will radiate through any sphere enclosing the BS, i.e., energy conservation.
[bookmark: _Hlk510803877]Power flux density based on measurement of tangential electric field components can be used for correct TRP assessment [31]. For accurate power density assessment, the following conditions need to be met: 

1. The test distance shall be at least the far-field distance of the measurement antenna, i.e. 
2. The measurement antenna shall sample an approximately constant field. 
3. The test distance must be at least two wavelengths from the smallest sphere enclosing the BS.
The second criterion is quantified as:

	,	(F-1)
where Rsph is the radius of the smallest sphere enclosing the BS. Furthermore, equstion (F-1) sets a minimum test distance for a given measurement antenna size w [31].
[image: ]
Figure F-1: The measurement distance and the dimensions of BS and MA
Example: 	For assessing TRP using power density data close to BS, consider the patterns in Figure G-2, which are sampled at (a) 0.75 m, (b) 2.5 m and (c) 30 m from the same BS. The far-field distance of the BS is 30 m. The angular patterns vary with distance, but the full-sphere integration for TRP deviates less than 0.065 dB. The lower power density levels in the lower figure are balanced by the larger total area of the measurement sphere.
[image: ]
Figure F-2: Angular power density patterns measured at (a) 0.75 m, (b) 2.5 m and (c) 30 m from the BS [31]
----------------------------- End of modified section ------------------------------
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