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1	Introduction
At the RAN4#92 meeting, [1] discussed the open issue in [2] concerning the applicability of the beam-based directions procedure to compute a TRP estimate for in-band unwanted emissions. The discussion attempted to answer the question whether it is possible to determine if an unwanted emissions radiation pattern is correlated with that of the wanted signal without performing full spherical measurements. The outcomes of the discussion were presented.  

Based on the feedback received following online and offline discussion, the outcomes have been revised and summarized in this document. The document also addresses the minimum number of measurement points needed to demonstrate correlation and what these points are, and how to measure those points for in-band unwanted emissions.     
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2.1	Summary
From [2], the open issue is as follows:
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. 

In [1], we discussed the above open issue and raised the following question:
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?    
Here, the outcomes of the discussion in [1] are summarized below:
(a) Maximum radiation of unwanted emissions in an in-band neighbouring frequency  occurs in the same direction as that of the wanted signal at an operating frequency .
(b) The main lobe of the wanted signal at an operating frequency  and the unwanted emissions in an in-band neighbouring frequency  with respect to the axis of maximum radiation should have a similar symmetry. In certain cases, the point of maximum EIRP may not lie in the geometric centre of the main lobe. 
(c) Measured HPBWs in the  and  directions for unwanted emissions in an in-band neighbouring frequency should correspond to those derived from the HPBWs for the wanted signal at the operating frequency .  
(d) The directivity-beamwidth for the unwanted emissions in an in-band neighbouring frequency  should correspond to that for the wanted signal at the operating frequency , i.e.,
 	
	where  and  denote the measured HPBW, and  and  denote HPBW derived from the HPBW of the operating frequency.


What is the minimum number of measurement points needed to demonstrate correlation?
From (a) and (c) above, only 5 measurement points are needed, which include:
1. Maximum EIRP value (i.e., ).
2. A pair of half-power () values in the  direction.
3. A pair of half-power () values in the  direction.

2.2	How to measure the minimum number of points
In this subsection, we outline how to measure those 5 points in the radiation pattern of unwanted emissions as stated in subsection 2.1. If correlation exists, then the criteria (a) to (d) are met and the direction of maximum EIRP and half-power EIRP values can be determined from the parameters of the wanted signal: 
1. Maximum EIRP for in-band unwanted emissions occurs in the same direction as the maximum EIRP for the wanted signal.
2. Angular positions of half-power values ( and ) can be computed using the HPBW and beam symmetry of the wanted signal.  
3. The measured  and  at the angular positions computed in Step 2 should be within ( – 3dB + Measurement error) to ( – 3dB – Measurement error) if correlation exists.
  
Based on the above, the complete measurement procedure is described:
[bookmark: _Hlk20995107]Step 1: Measure maximum EIRP () of the unwanted emissions in an in-band neighbouring frequency  in the same angular position as the maximum EIRP of the wanted signal at an operating frequency . This assumes the angular position of the wanted signal is known, denoted as (). 
Step 2: Measure half-power values ()at angular positions in the  direction for the unwanted emissions in an in-band neighbouring frequency , where the angular positions are computed as follows (see Appendix A for the derivation of the equation): 
    and                   
Step 3: Measure half-power values () at angular positions in the  direction for the unwanted emissions in an in-band neighbouring frequency , where the angular positions are computed as follows (see Appendix A for the derivation of the equations):
      and    
[bookmark: _Hlk21110619][bookmark: _Hlk21104249]Step 4: The measured half-power values in Steps 2 and 3 should be within ( – 3dB + MU) to ( – 3dB – MU) if the criteria (b) to (d) in subsection 2.1 are met. This implies, correlation exists, and the beam-based directions procedure can be applied to compute TRP estimate. Thus, the directivity (in linear units) at the in-band neighbouring  as follows:
   
In Step 4, the MU derived for the Radiated Transmit Power requirement is adopted since the measurement in Steps 2 and 3 are basically EIRP measurements. 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 

3	Conclusions
The document has revised and summarized the main outcomes based on the discussion in an earlier document. The outcomes allow us to determine what to measure and how many measurement points are needed for in-band unwanted emissions. Further, a simple measurement procedure is outlined, where angular positions of half-power values ( and ) for in-band unwanted emissions can be computed using the HPBW and beam symmetry of the wanted signal. If the measured half-power values are within ( – 3dB + MU) to ( – 3dB – MU), it can be concluded that correlation exists and the beam-based directions procedure can be used to compute in-band TRP estimates. The MU derived for the Radiated Transmit Power requirement is adopted.  
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Appendix A

[bookmark: _Hlk21008229]Symmetry of main lobe with respect to the axis of maximum radiation
The definition is given below for the main lobe in the  and  planes.
Azimuth Angle  (degrees)  
 
       


















Figure 1: Measurement points in the  plane
In the  plane as shown Figure 1, the beam symmetry  is defined as 
 																						(1)
The HPBW is
 																					(2)
Solving Equations (1) and (2) for  and , we get
       																	(3a)    
               																		(3b)
According to (b) in subsection 2.1, the main lobe of the wanted signal at an operating frequency  and the unwanted emissions in an in-band neighbouring frequency  with respect to the axis of maximum radiation should have a similar symmetry, i.e.,
																						(4)
The symmetry of the wanted signal is assumed to be known in Equation (4).

HPBW of unwanted emissions with respect to the HPBW of the operating frequency
According to (c) in subsection 2.1, the measured HPBWs in Equations (3a) and (3b) for unwanted emissions in an in-band neighbouring frequency should correspond to those derived from the HPBWs for the wanted signal at the operating frequency , i.e.,   
 																		(5)
The HPBW of the wanted signal in Equation (5) is assumed to be known. 
Maximum radiation direction 
According to (a) in subsection 2.1, the maximum radiation of unwanted emissions at an in-band frequency  occurs at the same angular position as the wanted signal at the operating frequency , i.e.,
 																				(6a)
 																				(6b)
Substituting Equations (4), (5) and (6) into (3a) and (3b), we can express  and  for an in-band neighbouring frequency  as a function of the wanted signal operating frequency , i.e.,  
 													(7a)
              														(7b)

																						Elevation Angle  (degrees)  
 
       


















Figure 2: Measurement points in the  plane
In the  plane as shown in Figure 2, the same approach as above is used to derive  and  given in Equations (8a) and (8b). 
      											(8a)
															(8b)
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