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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#79 in Nanjing, China. 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 inside the operating band of the wanted signal. Consequently, the receiver’s sensitivity is degraded or desensitized. In this document, we characterize the OTA desensitization of the receiver in terms of conducted reference sensitivity and interfering signal power levels.  
2 Discussion 
2.1 Conducted sensitivity and interference rejection of AAS base station receivers
In conducted blocking testing for AAS receiver, the wanted signal is fed to a transceiver via a TAB connector together with the interfering signal. Each transceiver can be tested independently or simultaneously by combining the output of each transceiver using a passive combiner. Irrespective of the number of transceivers being tested, both the wanted and interfering signal power levels are specified according to Tables 7.4.2.1-1, 7.4.2.1-1, 7.4.2.2-1, 7.5.2.1-1 and 7.5.2.2-1 in TS 37.105 for the requirements of general in-band, narrowband in-band, general out-of-band and co-location out-of-band blocking, respectively. Note that in all of the tables, the wanted signal power is set to the reference sensitivity () + 6 dB, where  is the minimum mean power received at the TAB connector at which a reference performance requirement is satisfied (e.g., the target BLER) for a specified reference measurement channel.  Mathematically, the reference sensitivity is 
      																					(1)
where         = Boltzmann’s constant ( J/K)
	            = absolute temperature of the receiver input (290 K)
  	            = noise bandwidth in hertz = the transmission bandwidth of the wanted signal in the case of E-UTRA 
        = the receiver noise figure
 = the minimum signal-to-noise ratio needed to achieve the target BLER
As the interfering signal power is stronger than the wanted signal at the TAB connector, non-linearity within the receiver circuitry produces waveforms that interfere with the wanted signal. Such non-linearity causes phase noise, spurious frequencies, and aliased harmonics in analogue-to-digital converters. As only a fraction of the interfering signal energy appeared within the channel bandwidth of the wanted signal, the receiver can be characterized by certain interference rejection. Mathematically, the interference rejection is
																						(2)
where        = the fraction of the interfering signal power inside the wanted signal channel bandwidth
           = interfering signal power level at the TAB connector
                               interference rejection = ∞ for an ideal receiver
In the presence of , the receiver sensitivity is degraded to
																(3)
Therefore, the receiver desensitization is 
																								(4)					
Substituting equations (1) and (3) into equation (4) gives us
		
and substituting for  from equation (2) yields 
																			(5)		
Solving for  gives us
																					(6)			
Equation (6) allows us to calculate the interference rejection from conducted in-band and out-of-band blocking requirements.  
2.2 OTA sensitivity of AAS base station receivers
Unlike conducted sensitivity, OTA sensitivity takes into account the effects of antenna-element gain, directional beamforming, and wireless channel propagation environment (i.e., path loss, shadowing and multi-path fading). These effects not only affect the wanted signal but also the interfering signal. For an AAS base station consists of  transceivers, the collective OTA receiver sensitivity is 

																						(7)

where  = thermal noise of individual receivers
	      	        = the number of transceivers
	  	       = the gain of each antenna-array element in the direction of the wanted signal
	          = the minimum collective signal-to-noise ratio needed to achieve the target BLER; this depends on 
					    distance of the UE under test from the base station 
As mentioned, due to non-linearity in each receiver, there is  injected into the wanted signal channel bandwidth. The question is ‘what is the degree of correlation among in-channel interference  present in the individual receivers’. This boils down to implementation issues; and also, it depends on radio frequencies used. Thus, we will consider two cases, namely correlated and uncorrelated among  in the individual receivers. 

Case 1: Correlated interference 

There are several possible mechanisms creating correlation between the in-channel interference. Most of them are not likely to cause a deviation between the direction of the interfering signal and the apparent direction of the in-channel interference. For instance, if multiple receiver branches have a shared local oscillator, its phase noise will be coherent in each receiver branch and not modify the angle-of-arrival of the in-channel interference. However, harmonic distortion will generally change the angle-of-arrival. The phase of the harmonic distortion is an integer multiple of the phase of the interfering signal. Therefore, the in-channel interference generated by harmonic distortion will appear to arrive from an angle that is an integer multiple of the angle-of-arrival of the interfering signal. Only when the interfering signal arrives at a zero angle, the in-channel interference generated by harmonic distortion will arrive from the same angle. The “zero angle” is the angle of arrival creating equal phase in each receiver branch at the point where the harmonic distortion is generated. Usually this will be at the axis of symmetry of the antenna, also called boresight. However, this is implementation-dependent. When the wanted signal and the in-channel interference arrive from the same angle, beamforming operations will not be able to discriminate the in-channel interference from the wanted signal. Therefore, for those distortion mechanisms that do not modify the angle of arrival, the worst case for correlated interference is when the wanted and the interfering signal come from the same direction. For those distortion mechanisms that modify the angle of arrival, the worst-case direction is probably the axis of symmetry of the antenna, but as mentioned, this depends on the implementation of AAS base station. In order to achieve maximum receiver desensitization, we recommend that the wanted signal and the interferer in the blocking test should always arrive from the same direction. However, it is for further studies whether it is sufficient to test at boresight, or more directions to be used in testing. References [2] and [3] proposed to define an expected range of angles of arrival of interfering signals and a location/direction-based method in which the interfering signal comes from the worst-case direction, respectively. 

Assuming full correlated interference, the collective  is 

																		(8)

where 	 = the gain of the individual receiver

Using equation (2), the OTA  is

 														(9)

where  = received interfering signal power level over the air
		 = the gain of each antenna-array element in the direction of the interfering signal

 In the presence of , the collective receiver sensitivity is degraded to
																(10)

where 

Therefore, the collective receiver desensitization is 

 																(11)

Substituting equations (7) and (9) into (11) gives us

 																(12)

If the interfering signal comes from the same direction as the wanted signal, then they experience equal antenna-array gains and equation (12) simplifies to 

																		(13)

Substituting equation (6) into equation (13) yields 

													(14)




Case 2: Uncorrelated interference

In this case, the angle of arrival of the interfering signal is not aligned with the boresight axis of the AAS system. Thus, the collective  is

																		(15)
	
Note that the collective  is less than the correlated case by a factor of .

Using equation (15) and the same mathematical derivation as in Case 1, the collective receiver desensitization is 

														(16)
 
As , we can observe from equations (14) and (16) that the correlated interference case leads to greater receiver desensitization than the uncorrelated one. However, this is only true if the in-channel interference appears to arrive from the same angle as the wanted signal, so that it cannot be rejected by beamforming operations. In general, this will be the case when the wanted and interfering signals arrive from the same direction and this direction is at or close to the boresight axis of AAS.  
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				Figure 1: Receiver desensitization due to correlated and uncorrelated interference

In general, it is not possible to predict the degree of correlation between the in-channel interference in the individual receiver branches of the AAS under test at each particular combination of wanted and interfering signal frequencies. It is also not possible to predict the direction the correlated part of the in-channel interference appears to come from. Therefore, the AAS base station receiver blocking specifications must allow for test cases with significant correlation in which the beamforming operation is not able to make use of this correlation. Therefore, in order to achieve maximum OTA receiver desensitization, we recommend to base the OTA receiver blocking requirements on the worst-case assumptions and define test scenarios in such a way that the likelihood of these worst-case assumptions is maximized.
2.3 OTA Isotropic interfering signal power levels
As stated in TS 37.840, section 7.2.1, the gain of the antenna-element or sub-array affects the interferer power in two ways:
· A higher gain will raise the interferer power at the TAB connector.
· A higher gain is associated with higher directivity, which will reduce the interferer power at the TAB connector, since the closest interferers will be off the boresight axis of the antenna element or sub-array.
Since the system simulations indicate the same maximum conducted blocker level for both the non-AAS (TS 36.942) and AAS (TS 37.840) scenarios, one can assume that the above effects of the gain and directivity on the interferer level at the TAB connector approximately cancel each other.
In the actual interference scenario, the isotropic interferer level at the surface of the AAS base station antenna depends only on the EIRP of the interferer and the path loss. It does not depend on the characteristics of the AAS BS antenna system. However, in the proposed test, the actual interferer signal, which arrives at an angle from the maximum gain direction of the sub-array, is replaced by a signal in the maximum gain direction. Therefore, the BS antenna characteristics must be taken into account in the choice of the test level. Otherwise, the requirements at the TAB connectors could become unreasonable for high-gain sub-arrays. The most reasonable approach is to set such an isotropic interferer level in terms of conducted interferer level at the TAB connector as
																				(17)
This means that the base station manufacturer will have to declare the effective antenna-array gain as seen by the TAB connectors. Thus, the distance of the interferer from the base station under test should be calibrated so that the interfering signal power level arrives at the base station TAB connector corresponds to  as given in equation (17).

An alternative approach is to apply the interfering signal from the angle determined by the actual interference scenario. However, this will not reliably characterize the interference rejection in the receiver branches. In addition, the simultaneous transmission of two signals from significantly different angles is not possible in most OTA test ranges.

3 Conclusions
This document has discussed the effect of correlated and uncorrelated among in-band interference appeared in individual receivers on the collective OTA receiver desensitization through mathematical analyses. The collective OTA receiver desensitization is expressed in terms of conducted requirements and declared OTA sensitivity. Furthermore, the OTA interfering signal power level can be directly obtained from the conducted interfering signal power; however, such a technique relies on declared antenna-array element gains by manufacturers.  Our mathematical expressions show that the correlated in-band interference leads to the worst-case OTA receiver desensitization if the in-channel interference appears to arrive from the same angle as the wanted signal. However, it is not possible to predict the degree of correlation between the in-channel interference in the individual receiver branches of the AAS under test at each particular combination of wanted and interfering signal frequencies. Thus, the OTA test specification for receiver blocking should capture the worst-case test scenarios. Consequently, we recommend 
· to base the OTA receiver blocking requirements on the worst-case assumptions, and
· to define test scenarios in such a way that the likelihood of these worst-case assumptions is maximized
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