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1 Introduction
At the 3GPP TSG-RAN WG4 meeting #80bis in Ljubljana, Slovenia, we presented experimental results of an EIRP measurement campaign, which show the radiated energy pattern of wanted and unwanted signals of an emulated AAS base station [1]. In [1], the results exhibit correlated unwanted emissions. Thus, we extended the measurement campaign in [1] in order to generate uncorrelated unwanted emissions. In this document, we present new findings of our measurement campaign and address the first two issues stated in the [2].
Herein we quote the issues [2]: 
1. “define the measurement sampling grids required for OTA ACLR and other in-band unwanted emissions”
2. “determine if the measurement sampling grid for OTA ACLR and other in-band unwanted emissions can be aligned with the desired signal sampling grid”  
3. “define concepts on how to define the region corresponding to the intended base station coverage area and the desired/wanted outside this area in order to further reduce the number of measurement points”
4. “the power over sphere () has been referred to as TRP in many documents; this term, however, is not acceptable by majority of 3GPP TSG-RAN WG4 participants; thus, an alternative term is sought      
2 Discussion
In the way forward document [2], the definition of OTA ACLR is 

                                                                                                                         		(1)
where 

 		(2)

where   and  
= co-polarized and cross-polarized EIRP, respectively, that is the filtered mean power within the 
   channel bandwidth of signal 
     = the elevation angle ranging from  
		     = the azimuth angle ranging from 
		  and  = the number of grid points in the  and  directions, respectively, used for computing 
		 

In our experimental setup, the configuration of our emulated AAS base station consists of a remote radio head which is connected to 4 antenna columns via jumper cables. Each antenna column comprises 2 ports corresponding to 2 antenna polarizations, namely  and .

In the measurement campaign, absolute EIRP data samples were collected for two cases:

Case 1: Correlated unwanted emissions

Case 2: Uncorrelated unwanted emissions

Table 1 summarizes the selected range of  and , and the wanted and adjacent channels used in the measurement campaign. E-TM1.1 test model was used to set the physical channels of each transmitter for the AAS base station. For more details of the test model, refer to Clause 6 of TS 36.141. 

	Test model
	E-TM1.1

	
	, step size = 

	
	, step size =  

	
	181

	
	361

	               Antenna polarization 
	

	                  Downlink EARFCN
	42990

	                    Frequency band 
	42

	                    Downlink 
	3540 MHz

	                    Downlink
	3540 + 10 MHz

	Electrical down-tilt steering ()
	

	Electrical horizontal steering ()
	


     			
Table 1: Measurement campaign parameter settings used for EIRP measurement

The EIRP plots for Case 1 (correlated unwanted adjacent channel emissions) and Case 2 (uncorrelated unwanted adjacent channel emissions) are shown in Figures 1 and 2, respectively. Figures 1(a)-(b) and 2(a)-(b) show the elevation-plane EIRP plots versus  in Cartesian coordinates for the wanted and adjacent channels for correlated unwanted emissions, respectively. Figures 1(c)-(d) and 2(c)-(d) show the azimuth-plane EIRP plots versus  for the wanted and adjacent channels for uncorrelated unwanted emissions, respectively. 
The following observations can be made by comparing Figures 1 and 2: 
Observation 1: Figure 2(b) exhibits a similar pattern as Figures 1(b) despite the former is a plot of EIRP for uncorrelated unwanted emissions. 
Observation 2: The 3-dB beamwidth in Figure 2(d) is wider than in Figure 1(d) by approximately .  
Observation 3: Uncorrelated emissions are less pronounced in the elevation plane. 
Figure 3(a) plots the CDF of Figure 1(a)-(b). The CDF of Figure 2(a)-(b) for the uncorrelated adjacent channel is not plotted because they exhibit the same characteristics as the correlated adjacent channel. The CDF of Figure 1(c)-(d) is plotted in Figure 3(b). It also plots the CDF of Figure 2(d) which is the uncorrelated adjacent channel. 

In Figure 3(a), the elevation-plane CDF plot for the adjacent channel shows that only those EIRP data samples above 90th percentile are useful because the system noise floor is -72.5 dBm. Note that the EIRP data values of the adjacent channel are very low as compared with the wanted channel. At 95th percentile and above, the EIRP data samples for the wanted channel are above -25 dBm, which encompasses the main lobe as shown in Figure 1(a). In our experiment, the peak EIRP of the adjacent channel for both correlated and uncorrelated is not more than 6 dB above the noise floor.  

In Figure 3(b), the azimuth-plane CDF plots for the adjacent channel show that only those EIRP data samples above 40th percentile are useful for both correlated and uncorrelated. At 40th percentile and above, the EIRP data samples for the wanted channel are above -30 dBm, which encompasses the main lobe as shown in Figure 1(c). As in the case of elevation plane, the peak EIRP of the adjacent channel for both correlated and uncorrelated is not more than 6 dB above the noise floor.  
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Figure 1(a): Elevation-plane EIRP plot of the wanted channel versus  for 
[image: ]
Figure 1(b): Elevation-plane EIRP plot of the correlated adjacent channel versus  for 
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Figure 1(c): Azimuth-plane EIRP plot of the wanted channel versus  for 
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Figure 1(d): Azimuth-plane EIRP plot of the correlated adjacent channel versus  for 
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Figure 2(a): Elevation-plane EIRP plot of the wanted channel versus  for 
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Figure 2(b): Elevation-plane EIRP plot of the uncorrelated adjacent channel versus  for 
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Figure 2(c): Azimuth-plane EIRP plot of the wanted channel versus  for 
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Figure 2(d): Azimuth-plane EIRP plot of the uncorrelated adjacent channel versus  for 
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Figure 3(a): CDF plot of EIRP in the elevation plane
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Figure 3(b): CDF plot of EIRP in the azimuth plane 


Based on our experimental findings, we can make the following observations: 

Obersevation 4: the actual 3-D sampling grid required for OTA ACLR and in-band unwanted emissions is dictated by the distribution of unwanted signal EIRP (or power) in the elevation and azimuth planes. Using CDF plots, we can discard EIRP data samples corresponding to the system noise floor, the resultant sampling grid encompasses all of the unwanted radiated power and includes the main lobe of the wanted channel only.

Observation 5: the actual required 3-D sampling grid size cannot be determined in advance without prior knowledge of the distribution power of unwanted emission (such as the CDF of the EIRP); the distribution of unwanted emissions is implementation dependent. 

Observation 6:  a fixed 3-D sampling grid can be set if prior knowledge is known regarding the coverage of eAAS base stations. In our companion document [3], we propose manufacturer’s declared coverage in the azimuth and elevation directions, for more details see Proposal 1 in [3]. The EIRP data samples that correspond to the system noise floor should be discarded or replaced with a very small value so that the accuracy of OTA ACLR and in-band unwanted emission is not affected; this is FFS.

From the aforementioned observations, we can make the following proposals:

Proposal 1: a fixed sampling grid for both wanted and unwanted emissions; the centre of the sampling grid should be aligned with a declared beam peak direction through sliding. 

Proposal 2: EIRP data samples corresponding to the system noise floor should be discarded or replaced with a very small value; this is FFS. 

3 Conclusions
This document has presented further experimental results on our EIRP measurement campaign, and addressed two stated in [2]. Based on our findings, we have made the following observations and proposals: 

Observation 1: Figure 2(b) exhibits a similar pattern as Figures 1(b) despite the former is a plot of uncorrelated unwanted emissions. 
Observation 2: The 3-dB beamwidth in Figure 2(d) is wider than in Figure 1(d) by approximately .  
Observation 3: Uncorrelated emissions are less pronounced in the elevation plane.

Obersevation 4: the actual 3-D sampling grid required for OTA ACLR and in-band unwanted emissions is dictated by the distribution of unwanted signal EIRP (or power) in the elevation and azimuth planes. Using CDF plots, we can discard EIRP data samples corresponding to the system noise floor, the resultant sampling grid encompasses all of the unwanted radiated power and includes the main lobe of the wanted channel only.

Observation 5: the actual required 3-D sampling grid size cannot be determined in advance without prior knowledge of the distribution power of unwanted emission (such as the CDF of the EIRP); the distribution of unwanted emissions is implementation dependent. 

Observation 6:  a fixed 3-D sampling grid can be set if prior knowledge is known regarding the coverage of eAAS base stations. In our companion document [3], we propose manufacturer’s declared coverage in the azimuth and elevation directions, for more details see Proposal 1 in [3]. The EIRP data samples that correspond to the system noise floor should be discarded or replaced with a very small value so that the accuracy of OTA ACLR and in-band unwanted emission is not affected; this is FFS.

From the aforementioned observations, we can make the following proposals:

Proposal 1: a fixed sampling grid for both wanted and unwanted emissions; the centre of the sampling grid should be aligned with a declared beam peak direction through sliding. 

Proposal 2: EIRP data samples corresponding to the system noise floor should be discarded or replaced with a very small value; this is FFS.
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