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1 Introduction
This document aims to build upon our previous contribution [1] on specifying OTA blocking requirements of receiving AAS base stations, which was presented at the 3GPP TSG-RAN WG4 meeting#80 in Gothenburg, Sweden. This and prior documents deal with the adjacent channel selectivity, general blocking and narrowband blocking (TS37.105 and TS36.104); i.e., the receivers of the AAS base station are blocked when a desired RF signal is received in the presence of a strong interfering signal that is in the operating band of the wanted signal. Consequently, the OTA sensitivity of the AAS receivers is desensitized. In this document, we characterize the OTA sensitivity of the AAS base station receivers in terms of correlated and uncorrelated in-channel interference.  
2 Discussion 
2.1 OTA sensitivity of AAS base station receivers with user-specific digital beamforming
Unlike conducted sensitivity, OTA sensitivity takes into the effects of adaptive beamforming, antenna-element gain and wireless channel propagation environments. Figure 1 shows an AAS base station with digital adaptive beamforming applications; the base station consists of  transceiver units. In the uplink transmission, the digital beamformer of the base station sums weighted versions of every individual active receiver output, which produces a radiation pattern that comprises beams pointing to wanted UEs. According to [2], the overall radiation pattern is 

                                       (1)

where  and  are the elevation and azimuth angles of the wanted UE signal direction, respectively. Refer to clause 5.3.2 in [2] for more details of the equation. 

For the wanted UE, the signal power  at the output of the digital beamformer is 

																				(2)

where                   the number of individual active receivers with 
	      	   = OTA power received by the antenna array
	  	             = the gain of each antenna-array element in the direction of the wanted UE signal
	           		 = the gain of a single receiver in the AAS base station
and for the thermal noise, the noise power  at the output of the digital beamformer is 
																				(3)

where	      = the thermal noise power at the input of each receiver    

Thus, the signal-to-noise ratio at the digital beamformer output is 

																		(4)
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Figure 1: AAS base station receivers with UE-specific digital beamforming application
When strong OTA interfering signals are input to individual active receivers, non-linearity in each receiver produces harmonic and intermodulation distortion which falls inside the wanted UE signal’s channel bandwidth. In this document, such distortion is referred to as in-channel interference . One question arises is ‘what is the degree of correlation among  present in the individual receivers’. This boils down to implementation issues, and additionally, it depends on radio frequencies used. Thus, we will consider two cases, namely correlated and uncorrelated among  in the individual receivers.

Case 1: Correlated in-channel interference 

Assuming full correlated interference, the interference power  at the digital beamfomer output is 

																		(5)

where 	 = the interference power appears in the wanted UE signal’s channel bandwidth at the output of each receiver

Thus, the signal-to-noise-and-interference ratio at the digital beamformer output is 

                                                (6)

The correlated in-channel interference results in the desensitization of the AAS base station receivers by  

 																		(7)

Case 2: Uncorrelated in-channel interference

In this case, the interference power  is

													    			     (8)
	
Note that  is less than the correlated case by a factor of .

The signal-to-noise-and-interference ratio is

 									(9)
 
As a result of uncorrelated in-channel interference, the desensitization can be expressed as 

                                                                                   	(10)

As , we can observe from equations (7) and (10) that the desensitization of the AAS base station receivers for the correlated in-channel interference case is worse than the uncorrelated one. 

However, this is only true if  cannot be eliminated by the digital beamformer; this means, not only do both  and the wanted UE signal have the same  and  but also both align with the boresight axis of AAS (i.e., the phase difference  between the wanted signals from the the individual receivers; similarly for ).  
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	Figure 2: AAS base station Receiver desensitization for correlated and uncorrelated interference cases

In general, it is not possible to predict the degree of correlation between  in the individual receiver branches of the AAS under test at each particular combination of wanted and blocker signal frequencies. It is also not possible to predict the direction of . Therefore, the AAS base station receiver blocking specifications must allow for test cases with significant correlation in which the beamforming application cannot filter . Therefore, in order to achieve maximum OTA receiver desensitization, we recommend to take into account the worst-case scenario when specifying the OTA receiver blocking requirements and to define test scenarios in such a way that the likelihood of the worst-case scenario is maximized.
3 Conclusions
This document has discussed the effect of correlated and uncorrelated among in-channel interference ( appeared in individual receivers on the OTA sensitivity of the AAS base station receiver through mathematical analyses. As a result, we can make the following observations: 
Observation 1:  leads to higher OTA desensitization of AAS base station receivers
Observation 2:  cannot be rejected by user-specific beamforming applications if it is aligned with the wanted UE signal at the boresight axis of the AAS (i.e., the phase difference  between the wanted signals from the the individual receivers; similarly  between  from the individual receivers.  
Based on the aforementioned observations, we propose that the OTA AAS receiver blocking specification requirements should include exceptional worst-case test scenarios as described in the document.
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