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1	Introduction
During the RAN4#92 meeting, some contributions [1] pointed out the necessity for measurement antenna and angular alignment associated with a few in-band TRP measurement procedures in which measuring maximum EIRP accurately is critical to the accuracy of TRP estimates. Due to angular misalignment, the measured EIRP is lower than the maximum EIRP, resulting in measurement errors. In the worst case, the measurement error is larger than the MU, which is not acceptable.                  

This document discusses the effect of angular misalignment on in-band TRP measurements and offers our views. 
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Referring Section 10.8 in TR 37.843, Table 1 lists TRP measurement procedures, which require measuring maximum EIRP.  
								Table 1: TRP measurement procedures
	TRP procedure
	Comment

	Beam-based directions
	In-band wanted and unwanted emissions

	Orthogonal cut grid 
	In-band wanted and unwanted emissions

	Peak method
	In-band and out-of-band (spurious) unwanted emissions

	Equal sector with peak average
	In-band and out-of-band (spurious) unwanted emissions



What is the definition of angular misalignment?
An example of angular misalignment is shown in Figure 1, where the measured EIRP is at an angle equals to 1° while actual angular position of the maximum EIRP is at 0° in the radiation pattern. This results in an absolute measurement error =  = 1 dB. 
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Figure 1: Angular misalignment (measured EIRP is at different position than the intended maximum EIRP)
Angular misalignment can be defined as follows:
Angular misalignment is the difference (in degrees) between the actual angular position and the measured angular position of the intended maximum EIRP. 

Beam-based directions
The beam-based directions procedure measures the maximum EIRP in the main lobe to compute a TRP estimate. Here, the discussion is limited to utilizing this procedure to estimate TRP of OTA BS output power as the applicability to OTA ACLR and OTA OBUE is still under discussion.
For the OTA BS output power requirement, the test beam used can be one of the declared beams in D.3, TS 38.141-2. In such a case, the actual angular position of maximum EIRP is known and measurement errors due to angular misalignment can be alleviated. However, as the actual angular position of maximum EIRP is not always known then the angular step size used in searching for the maximum EIRP 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).   
Observation 1: For the OTA BS output power requirement, if the actual angular position of maximum EIRP is not known then the angular step size in the maximum EIRP search can cause angular misalignment, contributing to measurement errors.      
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 the test beam. If the angular step size is set to HPBW, the absolute measurement error can be as large as 3 dB. Table 2 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 2. The linear approximation gives us the worst case scenario as can be observed in Figure 2.   
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Figure 2: Linear approximation of measurement errors  

Table 2: Angular misalignment vs measurement errors
	Angular misalignment
	Maximum absolute measurement error|

	HPBW
	3 dB

	 
	1.5 dB

	 
	1 dB

	 
	0.75 dB


      

As TRP is estimated from a single EIRP measurement for the beam-based directions procedure, the MU derived for the Radiated Transmit Power requirement should be adopted to ensure that the TRP measurement error is not greater than the MU for the frequency under measurement, i.e.,
|Measurement error| ≤ |MU|   
From Tables 4.1.2.2-1 and 4.1.2.2-2 in TS 38.141-2, the MU for radiated transmit power under normal condition is as follows:
· MU = ±1.1 dB, f ≤ 3 GHz
· MU = ±1.3 dB, 3 GHz < f ≤ 6 GHz
· MU = ±1.7 dB, 24.25 < f ≤ 29.5 GHz
· MU = ±2.0 dB, 37 < f ≤ 40 GHz
Based on the measurement error in Table 2, the TRP measurement error is within the |MU| limit if 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 ≤ 40 GHz).
Observation 2: The TRP measurement error is within the MU limit if the angular misalignment is not greater than than  (for f ≤ 3 GHz and 3 GHz < f ≤ 6 GHz), and  (for 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz). 
If the actual angular position of the maximum EIRP is not known and a peak search is performed in the proximity of the maximum EIRP, then the search angular step size should be not greater than the angular misalignment derived above in order to meet the MU requirement.
Observation 3: If the actual angular position of the maximum EIRP is not known and a peak search is performed in the proximity of the maximum EIRP, then the search angular step size should be not greater than the angular misalignment.

Orthogonal cut grid
The orthogonal cut grid procedure can be applied to estimate in-band and out-of-band TRP. Referring to Annex I.5, TS 38.141-2, no alignment is required for spurious emissions and the following steps are carried out when angular alignment is required (which are taken from I.5, TS 38.141-2):
------------------------------------------------
1)	The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
2)	The second mandatory is a vertical cut passing through the peak direction of the main beam. Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.
3)	The third optional cut is a vertical cut orthogonal to the first and the second cut.
When alignment is not required, the cuts can be aligned arbitrarily.
Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows: First the contributions from each cut is calculated as
	
where P is the number of sampling points in the cut. The final contribution for all cuts is calculated as
	
where N is the number of cuts. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
----------------------------------------------------
The angular misalignment for this procedure is similar to those of the beam-based directions. To ensure none of the above mandatory 2 steps misses the peak in the cut, it is necessary to search for the peak in the proximity of the expected angular position of maximum EIRP. Thus, the angular step size used in search of the peak EIRP outlined for the beam-based directions procedure can be used.     
Observation 4: For the orthogonal cut grid procedure, the same angular misalignment and search step size as for the beam-based directions apply.   
When apply to in-band TRP unwanted emissions, the above orthogonal 2 (or 3) cut procedure is expected to give an over-estimate of TRP as the end result. In addition to angular alignment, the number of sampling points in each of the cuts also contributes to the measurement errors. In the worst case, the end result gives an underestimate of TRP. The sampling angular step is computed from the reference angular step criteria in Annex I.2.2, TS 38.141-2 as follows:
	 
	
The sampling angular step derived using the above equations is approximately equal to the HPBW of the frequency under measurement. With such a sampling angular step, the maximum EIRP can be sampled if angular alignment is achieved, but EIRP samples at half power level (-3 dB) are not measured as shown in the right plot of Figure 3. On the other hand, the left plot includes the maximum and half power level EIRP samples. The EIRP samples at half power are important to ensure an over-estimate of TRP.    
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   						Figure 3: Angular steps for the orthogonal 2 cut grid

Observation 5: For the orthogonal 2 cut procedure which gives an over-estimate of TRP as the end result, a finer angular step than spherical grids is desired. 
[bookmark: _Hlk20833312]Observation 6: To ensure the peak and half-power EIRP samples are measured, the angular step used should be not greater than  (≤ 3 GHz, 3 GHz < f ≤ 6 GHz, 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz). 

The peak method
The peak method can be applied to in-band TRP requirements (OTA ACLR and OBUE) and OTA spurious requirement. From Annex I.11 in TS 38.141-2, the following steps are carried out: 
-------------------------------------------------------
1)	Move EUT and test antenna to the same position where the peak emission is recorded during the pre-scan.
2)	Move the EUT around the position and test antenna orientation to find the final peak EIRP or power density.
3)	The measured peak power density or EIRP shall be used to demonstrate conformance.
--------------------------------------------------------
In Step 2), there is a need to find the peak EIRP in the proximity of the expected angular position of the maximum EIRP. The angular step size in peak outlined for the beam-based directions procedure applies. 
Observation 7: For the peak method, the same search angular step size as for the beam-based directions procedure applies.  

Equal sector with peak average
 The equal sector with peak average procedure can be applied to estimate TRP of in-band (OTA ACLR and OBUE) and out-of-band unwanted emissions (OTA spurious emissions). From Annex I.12 in TS 38.141-2, the following steps are specified:
--------------------------------------------------------
For each peak emission frequency, measure peak EIRP of beams belonging to different sectors of the sphere as follows:
1)	Move EUT and test antenna to the same position where the emission peak is recorded during the pre-scan.
2)	Move EUT around the position and test antenna orientation to find the final peak EIRP.
3)	Repeat Steps 1 to 2 until all sectors are covered.
4)	Calculate TRPEstimate as
	, where  is the peak EIRP in the kth sector.
-------------------------------------------------------
In Step 2), there is a need to find the peak EIRP within the proximity of the expected angular position of the maximum EIRP. The angular step size in search of the peak EIRP outlined for the beam-based directions procedure can be used.
Observation 8: For the equal sector with peak average procedure, the same angular step size as for the beam-based directions procedure is used.
Based on the above observations, we can make the following proposal:
Proposal 1: The angular misalignment should not exceed  (for f ≤ 3 GHz and 3 GHz < f ≤ 6 GHz), and  (for 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz) to ensure the TRP measurement error is within the MU.
Proposal 2: The angular step size used in a peak search should correspond to the angular misalignment. 
Proposal 3: For the orthogonal 2 cut procedure which gives an over-estimate of TRP as the end result, the angular step should not greater than  (≤ 3 GHz, 3 GHz < f ≤ 6 GHz, 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz).  

3	Conclusions
This document has discussed the effect of angular misalignment on in-band TRP measurements. As a result, the following observations and proposals can be made:

Observation 1: For the OTA BS output power requirement, if the actual angular position of maximum EIRP is not known then the angular step size in the maximum EIRP search can cause angular misalignment, contributing to measurement errors.
Observation 2: The TRP measurement error is within the MU limit if the angular misalignment is not greater than than  (for f ≤ 3 GHz and 3 GHz < f ≤ 6 GHz), and  (for 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz).
Observation 3: If the actual angular position of the maximum EIRP is not known and a peak search is performed in the proximity of the maximum EIRP, then the search angular step size should be not greater than the angular misalignment.

Observation 4: For the orthogonal cut grid procedure, the same angular misalignment and search step size as for the beam-based directions apply.   
Observation 5: For the orthogonal 2 cut procedure which gives an over-estimate of TRP as the end result, a finer angular step than spherical grids is desired.
Observation 6: To ensure the peak and half-power EIRP samples are measured, the angular step used should be not greater than  (≤ 3 GHz, 3 GHz < f ≤ 6 GHz, 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz).
Observation 7: For the peak method, the same search angular step size as for the beam-based directions procedure applies.  
Observation 8: For the equal sector with peak average procedure, the same angular step size as for the beam-based directions procedure is used.

Proposal 1: The angular misalignment should not greater than  (for f ≤ 3 GHz and 3 GHz < f ≤ 6 GHz), and  (for 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz) to ensure the TRP measurement error is within the MU.
Proposal 2: The angular step size used in a peak search should correspond to the angular misalignment.

Proposal 3: For the orthogonal 2 cut procedure which gives an over-estimate of TRP as the end result, the angular step should not greater than  (≤ 3 GHz, 3 GHz < f ≤ 6 GHz, 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz).
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