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1    Introduction
[bookmark: _GoBack]A WF on BS ACLR has been discussed and agreed on the RAN4 #80bis meeting. Considerations should be taken into the analysis of the main challenges for ACLR OTA test. In this contribution, we provide some discussions on the potential problems in terms of the ACLR measurement.
2    Discussion
According to the WF [1],  is defined as the ratio of the effective radiated power in the desired signal channel to the adjacent channel over the whole sphere. 
“
[image: ]                                                                 (Equation 1)
where [image: ];             (Equation 2)
where EIRPd is the filtered mean power within the desired signal channel bandwidth.
[image: ];                 (Equation 3)
where EIRPe is the filtered mean emission power in the adjacenting channel bandwidth.”
ACLR measurement is based on EIRP measurement over the whole sphere conducted in anechoic chambers. In order to get accurate EIRP, the received power at the test instrument needs to be high enough from all angles. Considering the typical sensitivity of the test instrument, it is difficult to accurately measure these small signal powers. In the following section, we will elaborate on these issues. 
2.1 The theoretical analysis on the test system 
· Power attenuation due to path loss
Firstly, we look at the path loss model. We assume there is no obstruction between the BS and the test antenna in the anechoic chamber. According to [2], the free-space path loss can be calculated using the following equation.  This model can be used to roughly predict the power attenuations: 
                       (Equation 4)
where  is the carrier frequency in MHz and  is the distance between the transmit and receive antenna in km. 
For initial analysis on the path loss, Table 1 lists the assumption of BS used in this contribution. The geometry of the array is 8x8x2, where there are 8 rows and 8 columns antenna elements, each antenna element is cross-polarised, resulting in 128 logical antennas. 


[bookmark: _Ref465954933]Table 1: Assumptions on BS under test
	Parameter 
	Value

	Carrier Frequency
	30GHz

	Element number
	128

	Polarization
	Cross polarized

	Element spacing
	λ/2 (horizontal and vertical)

	EIRP
	58dBm @ 80MHz

	Antenna Dimension
	0.06m

	ACLR
	45 dB


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Assume the chamber satisfies the far-field test condition, the distance between BS and the instrument should be larger than the Fraunhofer distance. The Fraunhofer distance is defined as
                                                                         (Equation 5)
where  is the largest dimension of the antenna array, and λ is the wavelength of the dominant radio wave. With ,  and the corresponding .
· Power attenuation due to antenna array pattern  
Assuming the test instrument antenna gain  is 20dB, the received power on the main lobe can be calculated as:
                              (Equation 6)
[image: ]
[bookmark: _Ref465936004]Figure 1: Simulated antenna array pattern on the azimuth plane
Figure 1 shows the simulated antenna pattern on the azimuth plane. It is obvious that the received power at other direction of the BS could be 30dB smaller than the main beam. In fact, 62% of the directions have gains 30dB lower than the main direction; and 30% of the directions have gains 40dB lower than the main direction. The adjacent channel power is assumed to be 45 dB smaller than the desired channel (i.e. ACLR in Table 1). Assuming other directions have the same ACLR as the main beam, the power received by instrument for other direction in adjacent channel can be estimated as: 

This value is for 80MHz, which equates to a power density of . We need to consider whether we can accurately capture such small signals.
· DANL of the Test Instrument 
The test instrument, such as spectrum analyser, has test limit for small signals, called Displayed Average Noise Level (DANL), which is used to describe the sensitivity of the receiver in dBm per Hz. Signals near or below the DANL cannot be measured precisely. The typical value of the DANL for spectrum analyser at 30GHz is -155dBm@RBW=1Hz. In order to guarantee the measurement accuracy, the received signal to noise ratio (SNR) should strive to be at least 5dB. 
Thereafter, the ACLR can be measured with  margin. 
This margin is not enough to account for variation of the three factors discussed in the following section. 
2.2    The challenge of small adjacent signal in actual test
According to the theoretical analysis above, we can conclude that the following three factors affect the measurement of the ACLR under OTA, but it will require a larger margin than 15dB in the actual test:
· path loss between the BS and the test instrument 
The distance between BS and test antenna may larger than the distance mentioned above according to the actual test environment. This leads to even higher path loss than we have predicted here. Take a 2-meter chamber distance as an example; the path loss will increase to 68dB, which will reduce 9dB margin.
· antenna array pattern
The antenna gain difference between the main beam and other directions may be larger than 30dB. If the gain difference is 40dB, it will reduce 10dB margin.
· DANL of the test instrument
The DANL of the instrument for high frequency may be improved in the future. DANL may be smaller if the instrument work in higher frequency.
Therefore, the 15dB margin for testing small adjacent signal in actual test is not enough. There are possibilities that the EIRP of adjacent channel cannot be measured precisely.
Observation 1: Due to the path loss and antenna pattern, there are possibilities that the EIRP of adjacent channel cannot be measured precisely. Under this situation the test result is the noise floor of the spectrum analyser.
As described in the reference [3], the lowest power of the adjacent channel that can be tested is called system noise floor. This system noise floor could possibly be introduced by the noise floor of the spectrum analyser. If the received power density is close to or lower than the DANL， the test result is actually the noise floor of the spectrum analyser. This ACLR result will worse than the real value. Therefore, adjacent channel EIRP test result which is close to the noise floor should be abandoned. 
Observation 2: Desired signal channel or adjacent channel EIRP test result which is close to the noise floor of the instrument should be abandoned.
4   Conclusions
The following observations are based on the above considerations.
Observation 1: Due to the path loss and antenna pattern, there are possibilities that the EIRP of adjacent channel cannot be measured precisely. Under this situation the test result is the noise floor of the spectrum analyser.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 2: Desired signal channel or adjacent channel EIRP test result which is close to the noise floor of the instrument should be abandoned.
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