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1	Introduction
This contribution discusses the open issue related two TRP measurement procedures, namely two orthogonal cuts with pattern multiplication and beam-based directions. This is in accordance with the RAN4 meeting guidelines [1] in which there is a maximum number of one discussion paper per agenda item per company. 

The two orthogonal cuts with pattern multiplication procedure is specified in TR 37.941 [2] and TS 38.141-2 [3]. The procedure is used to test the OTA BS output power, SEM and OBUE requirements. A shortcoming is identified in the specification of the two orthogonal cut procedure, which makes it not directly usable for computing TRP estimates from a set of discrete data. This document highlights the shortcoming, aiming to initiate discussion.  

The beam-based directions procedure is also specified in TR 37.941 [2] and TS 38.141-2 [3]. The open issue with the beam-based directions procedure is its applicability to compute TRP estimate for in-band unwanted emissions. [5] outlined an approach to determine whether the radiation pattern of in-band unwanted emissions is correlated with that of the wanted signal. To address the feedback concerning the approach at the last meeting, we present comprehensive simulation results that are used to validate the proposed approach using the simulation model in [4].   
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2.1	Two orthogonal cuts with pattern multiplication
According to Sections 6.3.2.2.2 and 6.3.2.3.2 in TR 37.941 [1], the procedure for the two orthogonal cuts with pattern multiplication is as follows:

Use this method when the antenna symmetries are compatible with pattern multiplication, see clause 6.3.2.5. Following steps are performed during the measurement:
1.	Calculate the reference angular steps as described in clause 6.3.2.1.
2.	Align the BS to allow for proper pattern multiplication. Measure EIRP on two orthogonal cuts with steps smaller or equal to the reference steps according to step 1. 
3.	Apply pattern multiplication to extrapolate the two cuts data to full-sphere.
4.	Apply numerical integration to obtain the TRP estimate.

Referring to Step 4 above, numerical integration should be applied to compute the TRP estimate from the set of discrete data obtained through extrapolation in Step 3. However, the formula provided in Section 6.3.4.5 for computing TRP estimate is as follows: 
	 
The above integral is not in a numerical form where it can be directly applied to compute the TRP estimate from the discrete data.  
 Observation 1: The TRP formula for the two orthogonal cuts with pattern multiplication requires continuous data points, which is not suitable to integrate a set of discrete data samples.
In comparison with the other grid-based procedures in Section 6.4.4, TR 37.941, the expression for computing TRP estimate is defined in a numerical form as summations of discrete data that is measured in a test chamber. For example, the formula for the spherical equal angle and spherical equal area grids is defined as 
 and , respectively.
Consequently, a numerical approximation of the TRP integral for the two orthogonal cuts with pattern multiplication is needed. 

Proposal 1: A numerical form of the TRP integral for the two orthogonal cuts with pattern multiplication is defined to allow computation of TRP estimate from discrete data samples.   

2.2	Beam-based directions
2.2.1	Background and summary
Signal correlation model 
From [4], the radiation power pattern produced by a uniform linear array of  elements can be expressed as 
 										(1)
where  is the element factor,  is the excitation vector given in Equation (2) and  is the element location phasor vector given in Equation (3).
 				(2)
 												(3)

Observation 1:  and  in Equation (3) are independent Gaussian random values, while ,  and  in Equation (2) provides the position of each array element in the Cartesian coordinate system. To avoid confusion, a different symbol could be used to represent the Gaussian random value.    
Question 1: Is the correlation model assumed by Equation (3) realistic or only valid for some AAS BS implementation variants?
Radiation pattern correlation
Based on the observations made in [5], we concluded that correlation between wanted and in-band unwanted emissions exists if the following 4 criteria are met:
(a) Maximum radiation of unwanted emissions occurs in the same direction as the wanted signal.
(b) The main lobe of the wanted signal and the unwanted emissions with respect to the axis of maximum radiation should have the same symmetry. 
(c) HPBW in the azimuth and elevation direction for the unwanted emissions should correspond to those of the wanted signal.
(d) The directivity-beamwidth product of the unwanted emissions should correspond to that for the wanted signal.
Using the above criteria, 5 measurement points were derived in [5], which are measured in the radiation pattern of the unwanted signal:
1. Measure , where  corresponds to the direction of maximum EIRP for the wanted signal.
2. Measure  and  in the azimuth () plane, where and  correspond to the direction which is derived from the half-power angles of the wanted signal. 
3. Measure  and  the elevation () plane, where  and  correspond to the direction which is derived from the half-power angles of the wanted signal. 
Before the above measurements can be carried out, the direction of maximum radiation and half-power levels of the wanted signal must be known.
2.2.2	Evaluations
In this subsection, we evaluate the validity of the proposed criteria using radiation patterns generated using the simulation model in [4]. A similar simulation setup to [4] was used, consisting of an 8×8 uniform rectangular array. The array element spacing was set to 0.5λ, where the operating frequency was set to  = 3.5 GHz. Note in [4], the same frequency was used for all  values. Even though this assumption is not realistic, but it simplifies the analysis.   
Following the same way as in [4], the radiation intensity is used in our analysis instead of EIRP.  denotes radiation intensity for  at angles  and . 
Case 1:    
Substituting  into Equation (3), we get 
 for all . 
Observation 2:  has only a real part which is constant.
Thus, Equation (1) can be simplified as
 
Figure 1 shows the radiation pattern in the  and  directions, which is made at  = 0º and  = 90º, respectively.
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Figure 1: Radiation patterns for 
As outlined in subsection 2.2.1, the radiation intensity  for the following 5 measurement points are determined: 
1. The direction of maximum radiation intensity = 24.08 dB/sr occurs at  = 90º and  = 0º.

2. In the  plane, the half-power radiation intensity  =  = 21.07 dB/sr occurs at  = 83.6º and  = 96.4º. 

3. In the  plane, the half-power radiation intensity =  = 21.07 dB/sr occurs at  = -6.4º and  = 6.4º.

The directions obtained in 1, 2 and 3 above are summarized in Table 1, which correspond to the wanted signal since .
Table 1: Summary of radiation intensity at different angles for wanted signal
	Direction
	Remark

	 = 90º and  = 0º
	Direction of maximum radiation intensity 

	 = 83.6º and  = 96.4º
	Half-power angles in the  plane

	 = -6.4º and  = 6.4º
	Half-power angles in the  plane



The directivity for  = 1 is D() = 22.98 dB. 
For , the unwanted signals generated in different transceiver paths are identical. As a result, the radiation pattern of the unwanted signal is identical to that of the wanted signal. As such, all the criteria (a)-(d) in subsection 2.1 are obviously met. 
Observation 3: When , the radiation pattern of the unwanted signal is identical to the wanted signal. As a result, the beam-based directions procedure can be applied without causing TRP estimation errors.      

Case 2:    
Substituting  into Equation (3), we get
 
Observation 4:  is a random complex number.
Based on the above observation, the radiation pattern (see Figure 2) is uncorrelated with that of the wanted signal (Figure 1). The radiation pattern in the  and  plane is made at  = 0º and  = 90º, respectively. 
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Figure 2: Radiation patterns for 
The radiation intensity  is determined for the 5 measurement points using the direction in Table 1 according to subsection 2.1:
1. The radiation intensity at ( = 90º and  = 0º) is
 = 10.10 dB/sr.
2. The radiation intensity at ( = 83.6º and  = 96.4º) in the  plane is 

 = 9.57 dB/sr,	 		 = 4.87 dB/sr
3. The radiation intensity at ( = -6.4º and  = 6.4º) in the  plane is 

		 	 = 7.9 dB/sr,		 = 9.49 dB/sr
The directivity is D() = 11.22 dB.
To determine if criteria (a)-(c) are met, it is sufficient to compute the following from the above radiation intensity:
1) The difference between the radiation intensity using 1, 2, and 3 above as follows:  
  In the  plane:
 
 
  In the  plane:
 
 
The difference is either smaller or greater than 3.0 dB in the and  planes, which does not correspond to 3 dB for the correlated case ( = 1).
2) The absolute difference between radiation intensity using 2 and 3 above as follows: 
  In the  plane:
 (for  = 1)
  In the  plane:
 (for  = 1)
The absolute difference is greater than 0 dB in the and  planes, which does not correspond to 0 dB for the correlated case ( = 1). It is also obviously from the radiation intensity plots in Figure 2 that the maximum radiation intensity does not occur at  = 90º and  = 0º. The main lobe of  = 1 and  = 0 with respect to the axis of maximum radiation ( = 90º and  = 0º) do not have the same symmetry and the HPBW in the  and  planes for  = 0 does correspond to those for  = 1. 
Observation 5: For  = 0, it can be concluded that criteria (a)-(c) are not met based on the above analysis, which implies criterion (d) is also not met.   
Case 3:  = 0.9
Substituting  into Equation (3), we get 
 
Observation 6:  is a random complex number but the real part is composed of a constant  and a random number.
Figure 3 shows the radiation pattern in the  and  directions. The radiation pattern in the  and  planes is cut at  = 0º and  = 90º, respectively.
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Figure 3: Radiation patterns for 
The radiation intensity ) is determined for the 5 measurement points using the direction in Table 1 according to subsection 2.1:
1. The radiation intensity at ( = 90º and  = 0º) is
 = 23.63 dB/sr
2. The radiation intensity at ( = 83.6º and  = 96.4º) in the  plane is 

 = 20.32 dB/sr,	 		 = 21.06 dB/sr
3. The radiation intensity at ( = -6.4º and  = 6.4º) in the  plane is 

		 	 = 20.40 dB/sr,		 = 21.13 dB/sr
The directivity is D(.9) = 22.53 dB.
To determine if criteria (a)-(c) are met, it is sufficient to compute the following from the above radiation intensity:
1) The difference between the radiation intensity using 1, 2 and 3 above as follows:
 In the  plane:
 
 
 In the  plane:
 
 
The difference is either smaller or greater than 3 dB in the and  planes, which does not correspond to 3 dB for the correlated case ( = 1). However, the difference is relatively smaller as compared with the case  = 0. 
2) The absolute difference in radiation intensity using 2 and 3 above as follows:
  In the  plane:
 (for  = 1)
  In the  plane:
 (for  = 1)
[bookmark: _Hlk29462737]The absolute difference is greater than 0 dB in the and  planes, which does not correspond to 0 dB for the correlated case ( = 1). However, the difference is relatively smaller as compared with the case  = 0 because the axis of maximum radiation is the same as for  = 1.
Observation 7: For  = 0.9, it can be concluded that criteria (b)-(c) are not met based on the above analysis, which implies criterion (d) is also not met. Consequently, the beam-based directions procedure cannot be used for computing TRP estimate. 
Case 4:  = 0.4
Substituting  into Equation (3), we get 
 
Observation 8:  is a random complex number but the real part is composed of constant  and a random number similar to the case  = 0.9. However, the constant is smaller as  decreases. 
Figure 4 shows the radiation pattern in the  and  directions. The radiation pattern in the  and  planes is cut at  = 0º and  = 90º, respectively.
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Figure 4: Radiation patterns for 
The radiation intensity ) is determined for the 5 measurement points using the direction in Table according to subsection 2.1:
1. The radiation intensity at ( = 90º and  = 0º) is
 = 20.25 dB/sr
2. The radiation intensity at ( = 83.6º and  = 96.4º) in the  plane is 

 = 16.14 dB/sr,	 		 = 18.27 dB/sr
3. The radiation intensity at ( = -6.4º and  = 6.4º) in the  plane is 

		 	 = 17.18 dB/sr,		 = 18.35 dB/sr
The directivity is D(.4) = 19.16 dB.
To determine if criteria (a)-(c) are met, the following is computed from the above radiation intensity:
1) The difference between the radiation intensity using 1, 2 and 3 above as follows:
  In the  plane:
 
 
  In the  plane:
 
 
  	The difference is either smaller or greater than 3.0 dB in the and  planes, which does not correspond to 3 dB for the correlated case. 
2) The absolute difference in radiation intensity using 2 and 3 above as follows:
  In the  plane:
 (for  = 1)
  In the  plane:
 (for  = 1)
The absolute difference is greater than 0 dB in the and  planes, which does not correspond to 0 dB for the correlated case ( = 1). However, the difference relatively smaller than the case  = 0 but greater than  = 0.9. This could due to the axis of maximum radiation which is slightly shifted as depicted in Figure 4.
Observation 9: For  = 0.4, it can be concluded that criteria (b)-(c) are not met based on the above analysis, which implies criterion (d) is also not met. Consequently, the beam-based directions procedure cannot be used for computing TRP estimate.
The simulations results demonstrate the feasibility of such an approach to determine if correlation exists between the in-band unwanted and wanted emissions. Thus, it is proposed to add the criteria for determining if correlation exists to the TR.
Proposal 2: Criteria for determining whether correlation exists before applying the beam-based directions procedure should be added to the TR 37.941 as background information.   
  
3	Conclusions
3.1	Two orthogonal cuts with pattern multiplication
The paper has identified a shortcoming with the current equation for the two orthogonal cuts with pattern multiplication for computing TRP estimates. The following observation has been made:  

Observation 1: The TRP formula for the two orthogonal cuts with pattern multiplication requires continuous data points, which is not suitable to integrate a set of discrete data samples.

Therefore, the following is proposed

Proposal 1: A numerical form of the TRP integral for the two orthogonal cuts with pattern multiplication is defined to allow computation of TRP estimate from discrete data samples.   

3.2	Beam-based directions
Simulation results for four different correlation levels (namely, 100% correlation, i.e.,  = 1, high correlation, i.e.,  = 0.9, low correlation, i.e.,  = 0.4 and 0% correlation, i.e.,  = 0) have been presented. The following observations have been made:

Observation 1:  and  in Equation (3) are independent Gaussian random values, while ,  and  in Equation (2) provides the position of each array element in the Cartesian coordinate system. To avoid confusion, a different symbol could be used to represent the Gaussian random value.  
 Question 1: Is the correlation model assumed by Equation (3) realistic or only valid for some AAS BS implementation variants? 
Observation 2:  has only a real part which is constant.
Observation 3: When , the radiation pattern of the unwanted signal is identical to the wanted signal. As a result, the beam-based directions procedure can be applied without causing TRP estimation errors.  
Observation 4:  is a random complex number.
Observation 5: For  = 0, it can be concluded that criteria (a)-(c) are not met based on the above analysis, which implies criterion (d) is also not met.
Observation 6:  is a random complex number but the real part is composed of a constant  and a random number.
Observation 7: For  = 0.9, it can be concluded that criteria (b)-(c) are not met based on the above analysis, which implies criterion (d) is also not met. Consequently, the beam-based directions procedure cannot be used for computing TRP estimate. 
Observation 8:  is a random complex number but the real part is composed of constant  and a random number similar to the case  = 0.9. However, the constant is smaller as  decreases. 
Observation 9: For  = 0.4, it can be concluded that criteria (b)-(c) are not met based on the above analysis, which implies criterion (d) is also not met. Consequently, the beam-based directions procedure cannot be used for computing TRP estimate.

The simulations results have demonstrated the feasibility of such an approach to determine if correlation exists between the in-band unwanted and wanted emissions. Thus, it is proposed the following:

Proposal 2: Criteria for determining whether correlation exists before applying the beam-based directions procedure should be added to the TR 37.941 as background information, which are as follows: 

(a) Maximum radiation of unwanted emissions occurs in the same direction as the wanted signal.
(b) The main lobe of the wanted signal and the unwanted emissions with respect to the axis of maximum radiation should have the same symmetry. 
(c) HPBW in the azimuth and elevation direction for the unwanted emissions should correspond to those of the wanted signal.
(d) The directivity-beamwidth product of the unwanted emissions should correspond to that for the wanted signal.


Views from other companies are welcome for the above two related topics and open issues. 
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