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1. Introduction

In eAAS, the development of RF core requirement in the OTA domain for AAS base stations have been ongoing for some time. Currently, the base station transmitter quality is partly captured by an EVM requirement. In legacy base station specifications and current version of AAS specification the EVM is specified per transmitter. However, for AAS base stations it more reasonable to specify the radiated characteristics, which is captured in a way-forward from the RAN4 meeting in Ljubljana (RAN4#80bis) [1]. 

This contribution continues the discussion on how to define an OTA EVM requirement and how to test a OTA EVM requirement in the radiated domain. 
2. Discussion

The Error Vector Magnitude (EVM) is a measure used to quantify the performance of a digital radio transmitter. A signal sent by an ideal transmitter would have all constellation points precisely at the ideal locations in the I/Q domain, however various imperfections in the implementation (such as carrier leakage, I/Q imbalance, phase noise,) together with impacts from internal algorithms such as digital pre-distortion and clipping algorithms can cause the actual constellation points to deviate from the ideal locations. The EVM is a measure of the difference between the ideal symbols and the measured symbols after equalization. The EVM results is defined as the square root of the ratio of the mean error vector power the mean reference power expressed in percent as:
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Where Pe and Pref is visualized power levels in Figure 2-1.
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Figure 2-1: Constellation diagram and EVM
Analysing the signal at the transceiver output, it is not feasible to discriminate between Pref and Pe. Therefore, the EVM requirement definition also contain a measurement receiver defined for E-UTRA in TS 36.141, Annex F [2], which is showed in Figure 2-2. 
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Figure 2-2: Measurement point
The measurement receiver is typically implemented in standard test equipment (e.g. signal analyser/spectrum analyser as a software feature). For E-UTRA the requirement on EVM is defined per carrier for different modulation schemes on PDSCH, according to Table 6.5.2.5-1 in TS 36.141 [2].

The spatial aspects of EVM is dependent of correlation properties of the noise generated in different transmitter branches. Assuming that the wanted signal and error contributions is beam-formed in the same direction, the radiated EVM can be expressed as a function of spatial angles  and  as:


[image: image4.wmf](

)

å

å

=

=

×

÷

÷

ø

ö

ç

ç

è

æ

-

×

+

=

N

n

n

n

N

n

n

n

e

v

w

v

w

EVM

EVM

1

2

1

1

1

,

r

j

q

, where EVMe is the error vector magnitude per transmitter branch,  is the error contribution correlation between branches, wn is the array antenna weights, vn is the element phases due to element position and N is the number of elements in the array. A complete description of array model and corresponding parameters, wn and vn can be found in TR 37.840, sub-clause 5.4.4 [3].  
For the case where =1, all error contributions are correlated, both the wanted signal and the errors will be beam formed resulting in spatially white distribution of the radiated EVM. While for the case =0, the radiated EVM is inversely proportional to the composite array response. The result from both cases are visualized for a 10 element ULA AAS base station with element separation of 0.9 in Figure 2-3. The elements are located along the z-axis and the radiated EVM is plotted for a vertical cut through the x/z-plane. The radiated EVM is plotted for 3 different down-tilt angles (5, 10 and 20 degrees) and 6 different  values (0, 0.2, 0.4, 0.6, 0.8 and 1). 
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Figure 2-3: Typical characteristics for radiated EVM
However, what is not captured in the expressions used to produce the plot in Figure 2-3 is the polarization aspects of the radiated signal carried by the beam. The orientation of the polarization vector of the composite radiated signal associated with a beam is arbitrary, unlike for a single element where the polarization is very often referred to as +45/-45 degreed with respect to the z-axis in the reference coordinate system. Therefore, the polarization aspect must be considered when developing the test procedure for radiated EVM. It is suggested to match the test range measurement antenna polarization with the polarization of the beam to be tested. The polarization process is easily done by rotating the measurement antenna in the plane perpendicular to the radiated wave generated by the test object. When the maximum EVM is reached for specific directions, polarization matching is reached.
At the RAN4 meeting in Ljubljana (RAN4#80bis) is was decided to introduce a concept where the base station manufacturer declares a OTA EVM directions range in which the base station shall meet the OTA EVM requirement. Conformance to OTA EVM requirement shall be demonstrated at the extreme directions along the  and  axis as showed in Figure 2-4.
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Figure 2-4: OTA EVM direction range
The conformance testing of OTA EVM can be done in a far-field environment similar to the one defined for radiated transmit power (e.g. direct far-field or CATR). It is beneficial, test time wise to coordinate the testing of EVM with testing of other transmitter parameters such as TAE, frequency error and radiated transmit power. 
The test procedure for measuring radiated EVM is summarised as:

1. Place the AAS BS at the positioner in the shielded anechoic chamber.

2. Align the reference coordinate system orientation and location on the test object with the test system.

3. Set the base station to transmit maximum rated total radiated power (TRP) according to the applicable test configuration using the corresponding test model.

For a AAS BS declared to be capable of multi-carrier and/or CA operation, set the base station to transmit according to applicable test configuration in TS 37.145-1, clause 5 using the applicable test configuration and corresponding power settings specified in TS 37.145-1, sub-clause 4.11.

4. Measure radiated EVM when polarization of the transmitted signal produced by the test object is matched with the measurement antenna in the test range.

5. Test step 4 is repeated for all OTA EVM requirement conformance points, in Figure 2-4.

3. Conclusion

In this contribution some background information on how to test EVM OTA has been presented. It can be concluded that EVM can be tested in a OTA environment very much similar to how radiated transmit power in TS 37.145-2 is tested, except that instead of using a power meter an appropriate signal analyser is required. For EVM the base station is configure to produce the maximum rated total radiated power using test models specified for EVM in TS 36.141.
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