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1 Introduction
At the 3GPP TSG-RAN WG4 meeting#80 in Gothenburg, Sweden, an observation on the definition of OTA ACLR was made in the way forward on enhanced AAS [1]. OTA ACLR is defined as the ratio of the TRP of the wanted channel to the TRP of the adjacent channel. In order to reduce measurement time and complexity, an approximation to the actual TRP around a sphere was proposed. In this document, we present preliminary results of an EIRP measurement campaign carried out in an anechoic chamber. Instead of using truly AAS base stations, a radio transceiver and a passive antenna array were coupled to emulate an AAS base station transceiver and were configured according to the E-TM1.1 test model. EIRP samples were collected from a finite set of points on a spherical surface for both the wanted channel and the adjacent channel; then, the TRP of the wanted channel and the adjacent was obtained by summing over their respective EIRP samples.            
2 Discussion
In conducted ACLR requirements, the definition for ACLR as defined in TR 37.842, is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. The ACLR requirements are applied to each TAB connector of the AAS base station transmitters as shown in Figure 1; the current minimum conducted ACLR requirements are 45 dB. 
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)Unlike the conducted ACLR, the OTA ACLR exhibit spatial variations because beams are steered towards desired user devices. In addition, unwanted emissions of the AAS transmitters consist of uncorrelated thermal noise, and correlated and uncorrelated distortion. 









Figure 1: Conducted and OTA AAS Base Station ACLR requirements
In the way forward document [1], the definition of OTA ACLR is 

                                                                                                                          (1)
where the TRP of the wanted channel and the adjacent channel is 

,      (2)

where      = the elevation angle ranging from  
		      = the azimuth angle ranging from 
         = cross polarized EIRP  
	    = co-polarized EIRP

If the TRP is numerically calculated from a set of measurement data of EIRP, we can approximate equation (2) as

                        (3)

where  and  are data measurement points of EIRP along the -axis and -axis of the spherical coordinates, respectively, for a total of  point measurements. Instead of measuring over a full-spherical uniform sampling grid as proposed in [2], we reduced the total number of measurement points to the most relevant sector on the spherical surface. The most relevant sector is chosen in such a manner that it contains majority of the radiated power (i.e., main lobe) generated by the emulated AAS base station transmitters and encompasses the maximum achievable EIRP. Other sectors that contain the nulls, back lobes or lobes pointing towards the skies are considered irrelevant; hence, they are not taken into account in the measurement. The radiated energy is concentrated towards the main beam so it is known that maximum EIRP in the main beam that is located somewhere within this region on the spherical surface. From testing point of view, the EIRP window scanning is less time consuming as compared to a full 3-D spherical uniform sampling but still providing more than sufficient useful information for determining OTA ACLR. Both the co-polarized and cross-polarized signal components of the wanted and unwanted channels were measured.   

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 =  

	
	61

	
	61

	               Antenna polarization 
	

	                  Downlink EARFCN
	8365

	                    Frequency band 
	25

	                    Downlink 
	1962.5 MHz

	                    Downlink
	1962.5 + 5 MHz


     			Table 1: Measurement campaign parameter settings used for EIRP measurement
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(a) EIRP plot of the wanted channel 
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(b) EIRP plot of the adjacent channel  
Figure 2: EIRP plots of (a) the wanted and (b) the adjacent channels for E-TM1.1 
Figures 2(a) and 2(b) plot the measurement data of EIRP collected for the wanted and adjacent channels, respectively. As observed in Figure 2(a), the EIRP plot exhibits the same characteristics as the 3-D radiation pattern of multi-antenna systems. The pattern has its main lobe at approximately  with minor lobes in other directions. Note that, the EIRP remains unchanged along the -axis on the main lobe; i.e., the EIRP varies with  only. 

Unlike in Figure 2(a), the plot in Figure 2(b) only contains a main lobe at the same elevation angle (i.e., ); the plot does not have minor lobes and bottoms out at about  dBm in other directions along the -axis. After conducting further investigations for the reason of such a flat behaviour along the-axis outside the main beam, we found that  dBm corresponds to the system noise floor.  From the observation in the Figure 2(b), the main lobe consists of small peaks and troughs instead of a smooth surface as in Figure 2(a). Due to peaks and troughs in Figures 2(b), a high sampling grid resolution will improve the accuracy of estimations in equation (3). As the difference between the peaks and troughs is anyway small, the impact of reducing the number of EIRP data set for  is minimum on the OTA ACLR. Table 2 compares the TRP obtained using equation (3) for a total of   EIRP points and  EIRP point. For the latter, the peak EIRP was used in the ACLR calculation.

	E-TM1.1
	
	

	
	-8.2 dBm
	3.3 dBm

	
	                           -65.4 dBm
	-60.3 dBm

	
	                            57.2 dB
	63.6 dB


Table 2:  and  for E-TM1.1 for a maximum and minimum number of EIRP data sets on the spherical surface 

In addition to collecting EIRP samples on the spherical surface, we also directly measured the OTA ACLR using the feature of the spectrum analyzer. The range of  and  is the same as in Table 1 except for a step size of . Figure 3 shows the plot of the direct OTA ACLR measurement. As observed in the figure, the  OTA ACLR plot exhibits similar behavior as the one in Figure 2(a). In other words, the ACLR varies on the spherical surface according to the radiation pattern of the antenna system. Thus, we can make the following observations:

Observation 1: the ACLRs of the main lobe are of interest because the EIRPs on the unwanted channel drops to the system noise floor as shown in Figure 2(b); thus, the range of  and  should be limited to around the main lobe for EIRP measurement.

Observation 2: both the EIRP (see Figure 2(a)) and ACLR (see Figure 3) remain unchanged along the main lobe axis at approximately . In this case, the OTA ACLR obtained using the peak EIRP of the wanted channel and the corresponding EIRP of the unwanted channel is sufficient.   
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Figure 3: Plot of OTA ACLR obtained by direct measurement using a spectrum analyzer

	Test Model
	
	

	E-TM1.1
	EIRP Measurement using a partial-spherical uniform sampling grid
	Using equations (1) for  and 
	57.2 dB
	
63.4 dB

	
	
	Using equation (1) for  and   (based on the peak EIRP on spherical surface)
	63.6 dB
	

	
	Direct measurement of ACLR by spectrum analyzer
	Single peak EIRP on the spherical surface
	63.6 dB
	


Table 3: OTA ACLR obtained from measurement data of EIRP versus conducted ACLR measurement at one TAB connector for E-TM1.1
Based on results in Table 4, it can be seen that the OTA ACLR that is obtained by direct measurement using a spectrum analyzer and by using the peak EIRP on the spherical surface corresponds to the conducted ACLR requirement. This is in agreement with Observation 2. The OTA ACLR obtained through a sector scan on a partial-spherical uniform grid is lower by about  dB, which can be clearly seen in Table 2. That is,   includes samples of the system noise floor instead of EIRP of the unwanted channel. Therefore, the range of  and  should be limited to around the main lobe for EIRP measurement as stated in Observation 1. From Observation 2, we propose to limit the range of  and  to a single point on the spherical surface in which the single point corresponds to the coordinates of the peak EIRP of the wanted channel. Equation (1) can be expressed as  

 , where  and  are the coordinates of the peak EIRP.



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

Observation 1: the ACLRs of the main lobe are of interest because the EIRPs on the unwanted channel drops to the system noise floor as shown in Figure 2(b); thus, the range of  and  should be limited to around the main lobe for EIRP measurement.

Observation 2: both the EIRP (see Figure 2(a)) and ACLR (see Figure 3) remain unchanged along the main lobe axis at approximately . In this case, the OTA ACLR obtained using the peak EIRP of the wanted channel and the corresponding EIRP of the unwanted channel is sufficient.

From the aforementioned, we propose to limit the range of  and  to a single point on the spherical surface in which the single point corresponds to the coordinates of the peak EIRP of the wanted channel. Thus, equation (1) can be expressed as
Proposal:  , where  and  are the coordinates of the peak EIRP.
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