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Subclause 3.1:
frequency range 1: frequency range capturing AAS BS or NR BS operation in range from 410 MHz up to 7125 MHz.
frequency range 2-1: frequency range capturing NR BS operation in range from 24250 MHz up to 52600 MHz. 
frequency range 2-2: frequency range capturing NR BS operation in range from 52600 MHz up to 71000 MHz. 

Subclause 6.3.3:

[bookmark: _Toc32331986][bookmark: _Toc37429900][bookmark: _Toc43738971][bookmark: _Toc46346732][bookmark: _Toc53165671][bookmark: _Toc53166366][bookmark: _Toc53167060][bookmark: _Toc61130291][bookmark: _Toc61131017][bookmark: _Toc61187859][bookmark: _Toc83029149][bookmark: _Toc83919747][bookmark: _Toc89784768][bookmark: _Toc137299268][bookmark: _Toc138888314][bookmark: _Toc138889038][bookmark: _Toc145340748]6.3.3	Angular alignment in TRP measurements
For the TRP test methods relying on finding EIRP peak measurements, guidance on how to find the peak with acceptable accuracy is required.
The following test methods relies on finding peak EIRP:
1.	Beam-based direction (clause 6.3.2.2.4)
2.	Orthogonal cut grid (clause 6.3.4.5)
3.	Peak method (clause 6.3.2.5.3)
4.	Equal sector with peak average method (clause 6.3.2.5.4)
For the above procedures, measuring maximum EIRP accurately is critical to the accuracy of TRP estimates. If the maximum value is not accurately sampled, this will result in measurement errors. In the worst case, the measurement error is larger than the MU, which is not acceptable. The measurement error is caused by angular misalignment which is the difference (in degrees) between the actual and the measured angular positions of the intended maximum EIRP. Figure 6.3.3-1 shows an example of angular misalignment, where the measured EIRP is at an angle equal to -2° while the actual angular position of the maximum EIRP is at 0° in the radiation pattern. This results in an absolute measurement error =  = 1 dB.
[image: ]
Figure 6.3.3-1: Angular misalignment
If the actual angular position of maximum EIRP is known (e.g., declared by manufacturers), measurement errors due to angular misalignment can be alleviated. However, if the actual angular position of maximum EIRP is not known, then the angular interval used in searching for the maximum EIRP employing the peak search method can contribute to the measurement errors due to angular misalignment. The search is performed in the proximity of the expected angular position of maximum EIRP (e.g., a broadside radiation pattern). To determine the magnitude of the measurement error caused by angular misalignment, the angular step size can be expressed in terms of half-power beam width (HPBW) of test beams. If the angular step size is set to HPBW, the absolute measurement error can be as large as 3 dB. Table 6.3.3-1 summarizes the maximum absolute measurement error versus different angular step sizes. The absolute measurement errors were derived assuming a linear approximation between the maximum EIRP and the 2 HPBW points as illustrated in figure 6.3.3-2. The linear approximation gives us the worst-case scenario as can be observed in figure 6.3.3-2.
[image: ]
Figure 6.3.3-2: Linear approximation of measurement errors

Table 6.3.3-1: Sampling beam peak error due to misalignment error
	Angular misalignment
	Beam peak misalignment error (dB)

	HPBW
	3

	
	1.5

	
	1

	
	0.75



Based on the measurement error in table 6.3.3-1, the measurement error should be within the TRP summation error to ensure the angular misalignment is not greater than  (for f ≤ 3 GHz and 3 GHz < f ≤ 6 GHz), and  (for 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 43.5 GHz). Note, there is a trade-off between search time and angular misalignment (that is, the difference in actual and measured angular positions of intended peak EIRP). Larger misalignment for FR2-1 is reasonable since FR2-1 beams are in general narrower than FR1.
For the orthogonal cut procedure in clauses 6.3.2.2.2 and 6.3.2.3.2 (i.e. two cuts with pattern multiplication), angular step size smaller than the reference angular step may be desired as outlined in step 2. In order to sample half power EIRP in addition to the maximum EIRP, the angular step size may be set to , where HPBW is the half-power beam width of the frequency under measurement.
Subclause 6.3.4.2:
[bookmark: _Toc32331989][bookmark: _Toc37429903][bookmark: _Toc43738974][bookmark: _Toc46346735][bookmark: _Toc53165674][bookmark: _Toc53166369][bookmark: _Toc53167063][bookmark: _Toc61130294][bookmark: _Toc61131020][bookmark: _Toc61187862][bookmark: _Toc83029152][bookmark: _Toc83919750][bookmark: _Toc89784771][bookmark: _Toc137299271][bookmark: _Toc138888317][bookmark: _Toc138889041][bookmark: _Toc145340751]6.3.4.2	Reference angular step criteria
For each frequency, the reference angular steps  and  in degrees, are calculated as in [9]:

	

	,
where D and Dcyl are defined further down in this clause. This implies a maximum angular step of 15 °. The upper limit for these reference angular steps of 15 ° ensures a low TRP summation error when is large compared to the BS dimensions.
The reference steps can be derived as follows. Consider two short vertical current elements separated a distance L along the z-axis. The EIRP pattern of this source is:
	
Here, the element factor is  and  is the array factor contribution. To calculate the TRP value correctly, an angular sampling of  is required, see figure 6.3.4.2-1. But a single  is enough since the pattern is -independent (omni-directional).
Any current flowing on a line between the points  will correspond to source separations less than or equal to L. Hence its EIRP pattern will correspond to the same angular resolution, i.e., the average value will be correctly predicted using the same angular step.
[image: ]
Figure 6.3.4.2-1: The average EIRP when using different angular steps  and the EIRP pattern of two short vertical current elements separated a distance L=4, 8, 12, 16, and 32 wavelengths, respectively. The dashed lines depict the reference angular step  radians for the used source separations
To proceed to more general sources two observations are useful:
1)	A rotation of a source will not change the required  resolution, but the  resolution must be set equal to the  resolution.
2)	If the source distribution is stretched along the z-direction, the -resolution will not change.
Based on these two observations and the angular resolution of the line source of length L, the following can be deduced.
1)	If the line source is tilted 90 ° down to the xy-plane, and then arbitrarily rotated around the z-axis, a flat disc of diameter L is generated. Based on observation 1, the angular resolution is .
2)	If the disc is stretched a distance h along the z-axis (current elements are translated parallel to the z-axis), then the  is unchanged, whereas the vertical angular resolution increases to  to encompass the largest possible source separation within the cylinder.
The final shape of the source enclosure is hence a cylinder of diameter L and height h, and the angular steps required to get an accurate EIRP average (TRP value) are:
	 , .
Here,  is the diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing all radiation sources, and Dcyl is the diameter of the smallest z-directed circular cylinder that encloses all sources.
Other methods for determining the reference angular steps are not precluded.
NOTE:	When sampling with the reference angular step, fine details of the radiation pattern are maybe not captured but the estimated TRP value is still accurate.
The spherical and cylindrical diameters are calculated as:
	
	
The radiation source can be the antenna array or even the whole BS, depending on the emissions to consider. This is further explained in clause 6.3.2.
Some basic definitions and relations are given here for readability.
[image: ]
Figure 6.3.4.2-2: The dimensions of a radiation source are depth (d), width (w) and height (h)
Optionally, for the specific case of a Uniform Linear Array (ULA) system, the array spatial pattern could be defined as in the following equation.
	[image: ]
Where spatial frequency [image: ] is defined as following:
	[image: ]
Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the aliasing can be derived as:
	[image: ]

	
where d is the separation distance between antenna elements and m is the number of antenna elements. If BS is mounted along the y-z plane as shown in figure 6.3.4.2-3, based on the above considerations on the Rayleigh resolution for spatial domain signal, then subinterval in the φ and θ in degrees angle is calculated as:
	
	
Where Dy is length of radiating part of the BS along y-axis, Dz is length of radiated part of the BS along the z-axis and  is wavelength for the measured frequency. Arcsine is in radians.
[image: Figure 3]
Figure 6.3.4.2-3: Spherical coordinate for OTA conformance testing of BS
In the NR coexistence study, it was assumed that antenna configuration for wide area BS is 8x16 supporting two orthogonal polarizations. If BS mounted along y/z plane with antenna configuration 16x8 where 16 columns are assumed along the y-axis and 8 rows are assumed along the z-axis. Antenna elements are uniformly distributed with separation distance λ/2, therefore aperture size Dy ≈ 8λ and Dz ≈ 4λ. The uniform sampling in the spherical coordinate for this approach is demonstrated in the figure 6.3.4.2-4.
[image: Figure_5.tif]
Figure 6.3.4.2-4: Uniform sampling in the spherical coordinate, red crosses denotes the sampling points
For a wanted signal, the reference angular steps are approximately equal to the beamwidth (in degrees) of the main beam as:.

	

	
where BeWφ and BeWθ are the beamwidth of the wanted signal in the φ-axis and θ-axis, respectively;  FNBWφ and FNBWθ are the first null beamwidth of the wanted signal in the φ-axis and θ-axis, respectively.
Using beamwidth of the wanted signal, the reference angular steps for each frequency within the downlink operating band including ΔfOBUE can be expressed as follows:

	

	
where λo is the wavelength of the wanted signal, and BeWφ and BeWθ are the beamwidth in the φ-axis and θ-axis, respectively.
For the OTA BS radiated transmit power requirement, beamwidths at five different directions isare declared by manufacturers. The declared beamwidth may be used to set BeWφ and BeWθ in the above equations provided the same beam is applied to test in-band TRP requirements. If the The numerical singularity at of a test beam is not declared, then the beamwidth can be obtained through measurements following the same procedure as the BS radiated transmit power requirement prior to TRP measurements.
In addition, the beamwidth of the wanted signal can be used to determine the physical dimensions of a radiation source as follows:

	

	
and for the ULA case:

	

	















Clause 17:
Table 17-2: Tx Measurement Uncertainty values derivation – FR2
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	Radiated transmit power
	Normal condition:
±1.7 dB (24.25 – 29.5 GHz)
±2.0 dB (37 – 43.5 GHz)
±2.2 dB (43.5 – 48.2 GHz)
±3.0 dB (52.6 – 71.0 GHz)
	9.2.7

	
	Extreme condition:
±3.1 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz) 
±3.5 dB (43.5  – 48.2 GHz)
±3.9 dB (52.6 – 71.0 GHz)
	9.3.4

	OTA base station output power
	±2.1 dB (24.25 – 29.5 GHz)
±2.4 dB (37 – 43.5 GHz) 
±2.6 dB (43.5  – 48.2 GHz)
±3.2 dB (52.6 – 71.0 GHz)
	11.2.7

	OTA RE power control dynamic range
	N/A
	

	OTA total power dynamic range 
	±0.4 dB
	9.5.6

	OTA transmitter OFF power
	±2.9 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz) 
±3.6 dB (43.5  – 48.2 GHz)
±5.6 dB (52.6 – 71.0 GHz)
	9.10.3

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	±12 Hz
	9.6.6

	OTA modulation quality
	1%
	9.7.6

	OTA time alignment error
	±25 ns
	9.8.5

	OTA occupied bandwidth
	600 kHz
	9.9.6

	OTA ACLR
	Relative ACLR:
±2.3 dB (24.25 – 29.5 GHz)
±2.6 dB (37 – 43.5 GHz) 
±2.8 dB (43.5 – 48.2 GHz)
±4.6 dB (52.6 – 71.0 GHz)

Absolute ACLR:
±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz) 
±2.9 dB (43.5  – 48.2 GHz)
±4.7 dB (52.6 – 71.0 GHz)
	11.3.7

	OTA operating band unwanted emissions
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz) 
±2.9 dB (43.5  – 48.2 GHz)
±4.7 dB (52.6 – 71.0 GHz)
	11.4.7

	OTA transmitter spurious emissions, mandatory requirements
	±2.3 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
±5.3 dB, 60.0 GHz < f ≤ 110 GHz
±5.9 dB, 110 GHz < f ≤ 142 GHz
	12.2.5

	OTA transmitter spurious emissions, additional requirements
	±2.3 dB, 30  MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
±5.3 dB, 60.0 GHz < f ≤ 110 GHz
±5.9 dB, 110 GHz < f ≤ 142 GHz
	12.2.5

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.









Table 17-4: RX Measurement Uncertainty values derivation – FR2
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	OTA reference sensitivity level
	±2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±2.4 dB, 37 GHz < f ≤ 43.5 GHz
±3.5 dB, 43.5 GHz < f ≤ 48.2 GHz
±3.0 dB, 52.6 GHz < f ≤ 71.0 GHz
	10.2.7

	OTA adjacent channel selectivity
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±5.1 dB, 43.5 GHz < f ≤ 48.2 GHz
±4.0 dB, 52.6 GHz ≤ f ≤ 71 GHz
	10.5.4

	OTA in-band blocking (General)
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±5.1 dB, 43.5 GHz < f ≤ 48.2 GHz
±4.0 dB, 52.6 GHz ≤ f ≤ 71 GHz
	10.5.4

	OTA out-of-band blocking 
	±3.6 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.6 dB, 37 GHz < f ≤ 43.5 GHz
±4.5 dB, 43.5 GHz < f ≤ 48.2 GHz
±4.0 dB, 52.6 GHz ≤ f ≤ 71 GHz
	14.3

	OTA receiver spurious emissions 
	±2.5 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
±5.3 dB, 60 GHz < f ≤ 110 GHz
±5.9 dB, 110 GHz < f ≤ 142 GHz
	12.3.3

	OTA receiver intermodulation
	±3.9 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.9 dB, 37 GHz < f ≤ 43.5 GHz
±5.4 dB, 43.5 GHz < f ≤ 48.2 GHz
±4.5 dB, 52.6 GHz ≤ f ≤ 71 GHz
	10.6.4

	OTA in-channel selectivity 
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±5.1 dB, 43.5 GHz < f ≤ 48.2 GHz
±4.0 dB, 52.6 GHz ≤ f ≤ 71 GHz
	10.7.4

	NOTE:	Test System uncertainty values are applicable for normal condition unless otherwise stated.




Clause 18:
Table 18-2: Test Tolerance values derivation, TX FR2
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	Radiated transmit power
	Normal condition:
1.7 dB (24.25 – 29.5 GHz)
2.0 dB (37 – 43.5 GHz) 
2.2 dB (43.5  – 48.2 GHz)
3.0 dB (52.6 – 71.0 GHz)
	9.2.8

	
	Extreme condition:
3.1 dB (24.25 – 29.5 GHz)
3.3 dB (37 – 43.5 GHz) 
3.5 dB (43.5  – 48.2 GHz)
3.9 dB (52.6 – 71.0 GHz)
	9.3.5

	OTA base station output power
	2.1 dB (24.25 – 29.5 GHz)
2.4 dB (37 – 43.5 GHz) 
2.6 dB (43.5  – 48.2 GHz)
3.2 dB (52.6 – 71.0 GHz)
	11.2.8

	OTA total power dynamic range 
	0.4 dB
	9.5.6

	OTA transmitter OFF power
	2.9 dB (24.25 – 29.5 GHz)
3.3 dB (37 – 43.5 GHz) 
3.6 dB (43.5  – 48.2 GHz)
5.6 dB (52.6 – 71.0 GHz)
	9.10.4

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	12 Hz
	9.6.6

	OTA modulation quality
	1%
	9.7.6

	OTA time alignment error
	25 ns
	9.8.6

	OTA occupied bandwidth
	0 Hz
	9.9.6

	OTA ACLR
	Relative ACLR:
2.3 dB (24.25 – 29.5 GHz)
2.6 dB (37 – 43.5 GHz) 
2.8 dB (43.5 – 48.2 GHz)
4.6 dB (52.6 – 71.0 GHz)

Absolute ACLR:
2.7 dB (24.25 – 29.5 GHz)
2.7 dB (37 – 43.5 GHz) 
2.9 dB (43.5  – 48.2 GHz)
4.7 dB (52.6 – 71.0 GHz)
	11.3.8

	OTA operating band unwanted emissions
	2.7 dB (24.25 – 29.5 GHz)
2.7 dB (37 – 43.5 GHz)
2.9 dB (43.5  – 48.2 GHz)
4.7 dB (52.6 – 71.0 GHz)
(NOTE 2)
	11.4.8

	OTA transmitter spurious emissions, mandatory requirements
	0 dB
	12.2.5

	OTA transmitter spurious emissions, additional requirements
	NOTE 2
	

	NOTE 1:	TTOTA values are applicable for normal condition unless otherwise stated.
NOTE 2:	There may be additional regional regulatory requirements being applicable, tightening the TTOTA values to 0 dB, e.g. for co-existence with Earth Exploration Satellite Service. For more details refer to e.g. TS 38.141-2 [6].



Table 18-4: Test Tolerance values derivation, RX FR2
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	OTA reference sensitivity level
	2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
2.4 dB, 37 GHz < f ≤ 43.5 GHz
3.5 dB, 43.5 GHz < f ≤ 48.2 GHz
3.0 dB, 52.6 GHz ≤ f ≤ 71.0 GHz
	10.2.8

	OTA adjacent channel selectivity
	0 dB
	10.5.5

	OTA in-band blocking (General)
	0 dB
	10.5.5

	OTA out-of-band blocking 
	0 dB
	14.4

	OTA receiver spurious emissions 
	0 dB
	12.3.4

	OTA receiver intermodulation
	0 dB
	10.6.5

	OTA in-channel selectivity 
	3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
3.4 dB, 37 GHz < f ≤ 43.5 GHz
5.1 dB, 43.5 GHz < f ≤ 48.2 GHz
4.0 dB, 52.6 GHz ≤ f ≤ 71 GHz
	10.7.5

	NOTE:	TTOTA values are applicable for normal condition unless otherwise stated.




Annex C.1:
C1-10 Uncertainty of the RF power measurement equipment (power meter, power sensor) – high power (EIRP)
Power meter and sensor used to measure the received signal level in the EIRP test. Power meter and sesor shall be used with appropriate band pass filter to remove out of band noise contribution with all of following condition met. It is important to maintain signal to noise ratio (SNR) better than 10 dB, otherwise should not be used.  This uncertainty value can be found in table C2-2a. 
-	Reduce total noise level below acceptable level comparing with signal power, acceptable level is to maintain SNR better than 10 dB.
-	Appropriate bandpass filter is required to reduce out of band noise for meeting acceptable SNR level.
-	Measured total signal level is within measurable range of power sensor.
-	Power meter and sensor can not be used alone for test with measurement bandwidth defined in requirement and TRP, power meter in conjunction with spectrum analyzer should be used as described in subclause 8.8.1.
Following figure illustrate SNR requirement describe above is achievable with considering ACLR relative requirement. Out of band broadband noise is removed by band pass filter. In this figure, 1000 MHz outside from far side of adjucent adjacent channel edge is considered enough for reducing level by filter. Inside of filter pass band, because of ACLR relative requirement, which is 24 dBc for FR2-2, calculation of total noise inside vs signal level shows SNR better than 10 dB.
[image: ]
Figure C.1-1, use of power sensor for EIRP measurement
In example shown in figure above, noise power of two adjacent channel is -21 dBc at most because of ACLR relative requirement. Further outside region 1000 MHz wide, with assuming the same noise level as worst case, has -11 dBc in total at most. Worst case total noise power in pass band is sum of these two dBc number which is -10.6 dBc. This is better than 10 dB SNR requimrent requirement even worst-case analysis as above.
C1-11 Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor 
Signal level error from signal generator or up converter and optionallyoptionaly with power amplifier which generated power level is monitored and controlled by power sensor during test is performed. With this techniquetechnieque, signal generator level error can be replaced by power sensor error, which needs to include various sensor error with mis-match contribution from power splitter to sensor and power unbalance of power splitter.
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