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1	Introduction
During the RAN4#90 meeting in February 2019, the way forward on TRP measurements [1] was approved, which captured a number of agreements along with an open issue to be addressed at forthcoming meetings. So far, there has been a lack of contributions addressing the open issue.    

This paper discusses the open issue and offers our observations and a possible methodology for demonstrating whether correlation exists between radiation patterns of desired signals and in-band unwanted emissions (ACLR and OBUE). If correlation is demonstrated, then the beam-based directions procedure can be applied to compute a TRP estimate of in-band unwanted emissions.   
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2.1	Background
From [1], the following agreements are captured:
Proposal 1: The beam-based direction may be applied to estimate TRP of ACLR and OBUE if it can be demonstrated that  of the desired signals and in-band unwanted emissions (ACLR and OBUE) is equivalent.

Proposal 2: Methodologies for demonstrating the equivalence of  between the desired signals and in-band unwanted emissions (ACLR and OBUE) is FFS.
      Companies are encouraged to submit their views for Proposal 2. 

From TR 37.840, Table 5.4.4.2-3, the radiation pattern of AAS BS is given by the equation in Table 1, where  is the correlation coefficient, . The correlation level is determined by .   
When , unwanted signals generated in the transceivers are correlated. The radiation pattern shows maximum directivity.  
When , unwanted signals generated in the transceivers are uncorrelated. In this case, the radiation pattern has either no or smaller directivity with respect to . 
According to [1], the radiation pattern varies with different values of  as shown in Figure 1.  
For AAS BS, the radiation pattern of unwanted signals can take any of the patterns between  and .   






Table 1: Composite array pattern for multiple column (from TR 37.840)
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	

the steering matrix components are given by


the weighting factor is given by



	Active array loss
	0 dB

	Note:	Additional parameters are provided in Table 5.4.4.2.1-1.



[image: ]
Figure 1: Radiation patterns versus different  (from [1])
   
2.2	Directivity and radiation patterns of in-band unwanted emissions
From TS 38.141-2, the beam-based directions procedure is defined as 
 
where where  is the maximum EIRP in the beam peak direction within a particular beam direction pair and  is the directivity of the EUT.
According to TR 38.817-02,  for an operating frequency is defined as 
  
where  and  are declared by manufacturers for the operating frequency.
Based on the summary in Section 2.1, the radiation pattern of unwanted emissions may or may not resemble that of the operating frequency. Figure 2(a) shows the radiation pattern of the operating frequency; Figures 2(b) and (c) show the radiation pattern of unwanted emissions for a neighbouring frequency in the case of correlated and uncorrelated, respectively. Table 2 lists the directivity for the radiation patterns correspond to Figure 2, which were obtained through simulations.
Table 2: Directivity values versus radiation patterns
	
	Directivity ()

	Operating frequency ()
	30.1 dB

	Neighbouring frequency (
	Correlated case
	Uncorrelated case

	
	29.7 dB
	-7.1 dB



According to Table 2, the directivity can be significantly lower than when it is correlated with the radiation pattern of the operating frequency.  
Observation 1: the directivity of unwanted emissions varies with the radiation pattern.
Even though the radiation pattern of in-band unwanted emissions is correlated with that of the operating frequency,  is frequency dependent. This leads to a difference in the directivity between the frequency in the centre and those frequencies near the band edge for a wide operating band such as FR2. Using the example in Table 2, the difference in directivity for the correlated case is . The difference is even large for the uncorrelated case. 
Observation 2: There is a difference in directivity between the frequency in the centre and those near the band edge for a wide operating band even though the radiation pattern of unwanted emissions is correlated. 
How to determine if the radiation pattern of operating frequency resembles that of unwanted emissions?
In order to apply the beam-based directions procedure to compute a TRP estimate of unwanted emissions, the radiation pattern should resemble that of the operating frequency. It is possible to determine the radiation pattern of the unwanted emissions by performing a full spherical measurement. However, this is similar to the grid-based full spherical procedure (such as the spherical equal angle grid approach as described in Section 10.8, TR 37.843) for TRP measurements. 
	Question 1: Is it possible to demonstrate if the radiation pattern of unwanted emissions is correlated with that of the operating frequency without full spherical measurements?  
The correlation between 2 radiation patterns is a measure how much one resembles the other. Mathematically, the correlation of two different radiation patterns can be expressed as
  
where  is the radiation pattern (e.g., radiation intensity) of the operating frequency ,  is the radiation pattern of the unwanted emissions for in-band neighbouring frequency ,  is the displacement (or lag) in the  angle, and  is the displacement in the  angle. 
Figure 3 illustrates the normalized correlation level obtained using the radiation patterns in Figure 2, where  was set to the operating frequency radiation pattern in Figure 2(a). The plot in Figure 3(a) exhibits a peak at angle lag =  because  was set to the radiation pattern in Figure 2(b) while no such peak exists in Figure 3(b) for  set to the radiation pattern in Figure 2(c). It can be concluded from the plots in Figure 3 that correlation level reaches the peak provided there is a main lobe present in the radiation pattern of the neighbouring frequency where the maximum radiation occurs in the same direction as that of the operating frequency.  
Observation 3: If maximum radiation of unwanted emissions exists, it should occur in the same direction as that of the operating frequency, producing the maximum correlation level. 
Observation 4: For unwanted emissions, it is sufficient to demonstrate whether the main lobe of unwanted emissions is correlated with that of the operating frequency since power levels of side lobes are low, which can be neglected. 
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BW = 6.36°


                                                                                                                              
                                              (a) Operating frequency
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BW = 6.68°



                          (b) Neighbouring frequency - correlated
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                         (c) Neighbouring frequency - uncorrelated
Figure 2: Radiation patterns of operating and in-band neighbouring frequencies                      
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(a) Result of correlating Figure 2(a) and (b)                       (b)  Result of correlating Figures 2(a) and 2(c)  

                    			Figure 3: Correlation of two different radiation patterns shown in Figure 2
According to Observation 4, the focus is on the main lobe of the unwanted emissions. As a minimum, the following measurements are needed to determine whether the radiation pattern of unwanted emissions is correlated with that of the operating frequency. These measurements are:
1. EIRP in the same direction as where the maximum EIRP for the operating frequency occurs, which corresponds to the beam peak direction. For a declared test beam, the beam peak direction can be obtained from OTA peak directions set reference beam direction.  
 
2. Half-power EIRP in the azimuth plane and their corresponding angles as shown in Figure 4.

3. Half-power EIRP in the elevation plane and their corresponding angles as shown in Figure 5. 

Question 2: Does the main lobe of the unwanted emissions have the same symmetry as that of the operating frequency?
Symmetry of main lobe with respect to the axis of maximum EIRP
Based on Figures 4 and 5, it is possible to determine if the two main lobes are symmetrical by computing the following:
On the azimuth plane:
  																				(1a)
 																				(1b)
The ratio of the above two variables is defined as
  																							(2)
On the elevation plane:
 																				(3a)
 																				(3b)
The ratio of the above two variables is defined as
 																							(4)
If two different main lobes are symmetrical then the following must be satisfied:
  and  															(5)
where  and  denote the operating frequency and in-band neighbouring frequency for unwanted emissions.
 
Azimuth Angle  (degrees)  
 
       


















Figure 4: Unwanted emission radiation pattern on the azimuth plane
Elevation Angle  (degrees)  
 
       



















Figure 5: Unwanted emission radiation pattern on the elevation plane
Question 3: Does the HPBW of unwanted emissions proportional to that of the operating frequency?
HPBW of unwanted emissions with respect to the HPBW of the operating frequency
The azimuth and elevation HPBW of unwanted emissions for in-band neighbouring frequency  can be expressed in terms of the corresponding HPBWs at the operating frequency , respectively, as 
 													(6a)
 													(6b)
From Figures 4 and 5, the measured HPBW in the azimuth and elevations planes, respectively, are 
 																				(7a)
 																				(7b)
From Equations (6a) and (6b), and Equations (7a) and (7b), the following can be deduced:
 and 										(8)
Let us assume the HPBW shown in Figure 2(a) is in the azimuth direction for the operating frequency , i.e., . The HPBW for  is derived using Equation (6a) as follows
  
The derived HPBW for  corresponds to the HPBW in Figure 2(b), which was obtained through simulations.
Directivity of unwanted emissions with respect to the directivity of the operating frequency
[bookmark: _Hlk16773199]As made in Observation 2, the directivity is frequency dependent. Similar to the HPBW, the directivity of unwanted emissions for in-band neighbouring frequency  can be expressed in terms of the directivity of the operating frequency  as
 												(9)
Using the directivity for  in Table 2, we can demonstrate that the directivity for  derived using Equation (9) corresponds to the value in Table 2, which was obtained through simulations.
Substituting  and , and  into Equation (9), we get
 

Directivity-beamwidth product for unwanted emissions with respect to that of the operating frequency
From [2], the directivity is defined 
  																		(10)
Equation (10) can be re-written as the directivity-beamwidth product as
 																		(11)
It is important to note that the directivity-beamwidth product is a constant. As a result, the directivity-beamwidth product for unwanted emissions for in-band neighbouring frequency  should be equal to that for the operating frequency , i.e., 
 							(12)
If all of the Equations (5), (8) and (12) are met, then the beam-based directions procedure can be applied. The directivity for the frequency under measurement  can be derived from Equation (9). 
 
where  is given in Equation (9).

3	Conclusions
The has discussed the open issue concerning the applicability of the beam-based directions procedure to compute a TRP estimate for in-band unwanted emissions. Based on our discussions, the following observations can be made: 

Observation 1: the directivity of unwanted emissions varies with the radiation pattern.
Observation 2: There is a difference in directivity between the frequency in the centre and those near the band edge for a wide operating band even though the radiation pattern of unwanted emissions is correlated. 
Observation 3: If maximum radiation of unwanted emissions exists, it should occur in the same direction as that of the operating frequency, producing the maximum correlation level. 
Observation 4: For unwanted emissions, it is sufficient to demonstrate whether the main lobe of unwanted emissions is correlated with that of the operating frequency since power levels of side lobes are low, which can be neglected. 
In addition, the following have been answered:

   	Question 1: Is it possible to demonstrate if the radiation pattern of unwanted emissions is correlated with that of the operating frequency without full spherical measurements?  
Question 2: Does the main lobe of the unwanted emissions have the same symmetry as that of the operating frequency?
Question 3: Does the HPBW of unwanted emissions proportional to that of the operating frequency?
The answers to the above questions provide a means to determine whether the radiation pattern of unwanted emissions is correlated with that of the operating frequency. If Equations (5), (8) and (12) are satisfied, it can concluded that correlation exists and the beam-based directions procedure can be used. 
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