[bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #96-e	R4-2011394
Electronic Meeting, 17 – 28 August 2020 


Source:	Nokia, Nokia Shanghai Bell
Title:	On correlation between wanted and in-band unwanted emissions    
Agenda item:	4.5.4
Document for:	Discussion
1	Introduction
In [1], a comprehensive simulation analysis was carried out to investigate the approach proposed in [2], which is utilized to determine whether the radiation pattern of unwanted emissions is correlated with wanted ones. Several companies provided their comments, which are captured in [3]. The comments are shown in the following table. 

	Company
	Comments

	ZTE
	Sub topic 5-1: no strong opinions.

	Ericsson
	Subtopic 5-1: Issue 2-1: Since the correlation is generally not known for emission, its better to be safe than sorry. Hence, RC or dense grids are preferred for emission. If you know the beam characteristics, you can select a sampling grid accordingly.  Maybe the hidden message here is that if we identify the first nulls of the OBUE emission in the same positions as for the main beam, then we can assume the OBUE has same pattern as main beam? Nulls are easy to identify in the lab, so it might be interesting to look at this approach.



As can be observed from the table above, one of the comments suggests to consider first nulls in the approach. In response to the comment, this contribution elaborates how the proposed approach can be easily extended to first nulls. Further, the contribution provides a comparison between the first-null based approach and the proposed approach. 
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2.1	Background and summary
Referring to [2], the following correlation criteria are outlined: 
(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.
From the above criteria, 5 EIRP samples need to be measured in 5 different directions for the unwanted emissions, which are as follows:
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. 
 Note, the 5 EIRP samples for the unwanted emissions are measured using the same direction as the wanted signal, which are assumed to be known. If one of the declared beams is used, then the direction of maximum EIRP for the wanted signal is given by manufacturers (e.g., D.8 in TS 38.141-2 as shown in the table below). The half-power angles of the wanted signal can be derived from the given declared beamwidth (D.12) and the OTA peak directions set (D.8).  
 
	D.8
	OTA peak directions set reference beam direction pair
	The beam direction pair, describing the reference beam peak direction and the reference beam centre direction. Declared for every beam (D.3).

	D.12
	Beamwidth
	The beamwidth for the reference beam direction pair and the four maximum steering directions. Declared for every beam (D.3).



The measured EIRP samples are used to determine if the correlation criteria are met. If one of them fails, then it can conclude that the unwanted emissions are not correlated with the wanted one.  
2.2	First-null based approach  
Examining the correlation criteria in Section 2.1, (c) and (d) are beamwidth dependent, which is based on HPBW. Consequently, the HPBW can be replaced with FNBW as follows:
(c) FNBW 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, where beamwidth = FNBW.
For the EIRP measurement, the EIRP samples need to be measured at the first-null angle instead of the half-power angle. Four of the 5 EIRP samples are measured at the half-power angles. With the first-null approach, these four EIRP samples need to be measured at the first-null angles as follows: 
2. Measure  and  in the azimuth () plane, where and  correspond to the direction which is derived from the first-null angles of the wanted signal. 
3. Measure  and  the elevation () plane, where  and  correspond to the direction which is derived from the first-null angles of the wanted signal. 

Observation 1: The correlation criteria including the EIRP measurement can easily be modified to include first nulls without minor changes only.

2.3 	Comparison
	Half-power based approach
	First-null based approach

	HPBW of wanted signals is typically declared by manufacturers (e.g., D.12 in Table 4.6-1, TS 38.141-2); this can be used to derive half-power angles for EIRP measurements
	FNBW of wanted signals is not declared in TS 38.141-2; thus, additional measurement effort is required  

	The difference between the maximum power and half-power points is known (i.e., 3 dB)
	The difference between the maximum power and first nulls varies from one implementation to another 

	
	The first nulls of unwanted emissions can be far lower than the system noise, which makes it impractical to be measured



Observation 2: As compared with the first-null based approach, the half-power based approach has some advantages.
3	Conclusions
This document has addressed the suggestion to consider first nulls in the proposed approach that is used to determine whether unwanted emissions are correlated with the wanted radiation. The document has outlined the changes made to the current approach to include first nulls. The following observation has been made:    

Observation 1: The correlation criteria including the EIRP measurement can be easily modified to include first nulls without minor changes only.
Either the half-power based or first-null based approach can be used. Based on the comparison between the two approaches, the observation is as follows: 
Observation 2: As compared with the first-null based approach, the half-power based approach shows some advantages.
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