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1 Introduction
Presently, the conducted EVM requirements of AAS base station transmitters are reused from the current requirements for EVM as specified in TS 36.104 and TS 25.104 for UTRA and E-UTRA, respectively. References [1],[2] and [3] studied spatial variations of EVM due to beamforming. 
Non-ideal analogue devices used in transmitters introduce phase and amplitude errors that subsequently lead to deteriorated EVM. One major source of phase errors is phase noise of local oscillators. This document provides an insight into the effect of correlated phase-noise sources on OTA EVM. It is important to note that the amount of correlation among the phase-noise sources present in each base station transceiver is implementation specific.   
2 Discussion 
In conducted testing of AAS transmitters, the EVM requirement is specified per TAB connector. As shown in Figure 1, the signal from one TAB connector is fed to a signal processing chain. The output signal of the per-subcarrier amplitude/phase correction block is used to calculate the EVM. Table 1 presents the minimum conducted EVM requirements as specified in TS 36.104. Unlike the conducted EVM, the OTA EVM exhibit spatial variations because beams are steered towards desired user devices. References [1], [2] and [3] showed the spatial distribution of EVM in both the azimuth and elevation directions. The conclusion of [3] is that OTA EVM requirements should be specified spatially according to declared beams; it also pointed out the possibility of reusing declared EIRP beams in specifying such EVM requirements. A question arises as to whether the declared EIRP beams correspond to good EVM in all test scenarios. There could exist test scenarios in which beams with the best EIRP but degraded EVM. Thus, the declared EIRP beams should be supplemented with, e.g., antenna-array radiation patterns.     
While it is generally sufficient to consider the beamsteered signal in the main lobe for the EVM measurement, it is not known how the signal impairments (e.g., due to phase noise of local oscillators) affect the OTA EVM tested at such a center position. Let us consider an AAS base station with  transceiver units. The received signal at a given time instance is a superposition of the signals radiated by all antenna-array elements is [4] 
																								(1)
where  = the phase shifts due to a carrier frequency 
		= the amplitude
		 = the phase noise 
The error vector is obtained by subtracting the ideal signal from equation (1) 
																	
																						(2)
We can calculate its root mean square value as 
 																				(3)
where    =  variance 
		 = the mean value
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Figure 1: Conducted and OTA AAS BS EVM measurement

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


		Table 1: Minimum Conducted EVM requirements for E-UTRA carriers (Table 6.5.2.-1, TS 36.104)
In order to analyze the impact of phase noise on EVM, we consider two cases, namely correlated and uncorrelated phase noise.

Case 1: Correlated phase noise

In case the phase noise is fully correlated in the different transmitters,  for all . Now, considering only the signal in the center of the main lobe, that is when the phases of all antenna-array elements align in a point of constructive interference, i.e., when  for all , equation (2) simplifies to 

 																					(4)

Let  and using equation (3), the RMS EVM value is given by (see [4] for a complete derivation)
 																						(5)

where  = standard deviation of 
		 = mean of 

Case 2: Uncorrelated phase noise

In case of uncorrelated phase noise, equation (4) becomes

 																				(6)

Let  and using equation (3), the RMS EVM is 

 																		(7)
where  = standard deviation of  
		 = mean of 
         	   = the average of the amplitude coefficients 
		 = standard deviation of 
In the special case where all the amplitudes are the same, i.e., when  for all  and thus , equation (7) reduces to 

 																					(8)

As the phase noise is relatively small, i.e., , and , we can deduce from equations (5) and (8) that the correlated RMS EVM is greater than the uncorrelated one, i.e., 

 																					(9)

From equation (9), we can observe that a high correlation of phase noise sources will result in bad EVM. Therefore, the OTA requirement of AAS base station transmitters should capture the worst-case scenario; however, the present of phase noise in an AAS base station is implementation dependent. Thus, further studies are needed to determine if one EVM value is sufficient (as in the conducted requirements) to define the OTA EVM requirements or a range of EVM values because the AAS base station under test is viewed as a black box. 
3 Conclusions
This document has examined the impact of phase noise on OTA EVM of the user-specific beamforming. The OTA EVM of correlated phase-noise sources is in general worse than uncorrelated ones; however, the degree of phase-noise correlation depends on AAS base station implementation. Further research is needed on specifying OTA EVM requirements in order determine if one OTA EVM value is sufficient as in the conducted requirements. 
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