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Introduction
This contribution aims at providing elements to the discussion on spatial exclusion and RI test for EMC test. As stated in [1], measures may need to be taken to avoid the receiver being blocked during testing RI of an OTA AAS BS. In the same line, both limitations of the RI applicability in terms of frequency boundaries and the possibility to specify spatial exclusions for RI testing have also previously been discussed in RAN4 meetings, as presented in [2]. In RAN¤#84-Bis a proposal on Radiated Immunity (RI) for of OTA AAS BS was approved.  According to the approved text in [3], for OTA AAS BS RI testing applies around the DUT, except for the half sphere around the main lobe direction.
This contribution aims at providing more elements to the discussion on spatial exclusion and RI test for EMC test, including considerations on how to define the front side of DUT, the frequency ranges and the interferer levels that may apply for RI testing. To support our argumentation, we present measurement data where a typical AAS BS aperture prototype has been used as EUT and a 500 MHz and a 2140 MHz interferer of 10 V/m has been applied using a traditional RI test setup. For frequencies < 690 MHz the results have been scaled to correspond to an interferer level of 3 V/m according to the regulatory limits in Europe. The interferer frequencies were selected as one within the operating range of the antenna, and one outside. The power level received by one selected antenna element of the EUT was monitored as the EUT was rotated to different angular incidence of the interfering signal. The purpose was to determine the received power level due to the radiated immunity field.
Discussion
[bookmark: _Hlk498345363]2.1 Observations on Frequency Ranges and Interferer Levels for RI testing
The test setup considered in this contribution is presented in Figure 1 and it is based in IEC 61000-4-3 [4]. RI measurements have been performed using a traditional RI test setup for a typical AAS BS aperture prototype. The array antenna used in the test is designed to operate in the region 1700-2700 MHz with a gain in the range 8-10 dBi, with a calibrated 10 V/m field intensity in where the EUT was positioned. A spectrum analyser was used as monitoring system.  
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Figure 1: Schematic view of test setup.

The resulting received power level was monitored for one selected antenna element (and one polarization) as the RI testing was performed for incidence angles 0°-180° (in some cases also 180°-360°) in 5° increments according to Figure 2 below. 90° is the main lobe direction of the EUT. 
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Figure 2: Incidence angles of received power measurements in RI test setup.
The results for the two initial interferer frequencies are presented for the different incidence angles in Figures 3 and 4. The out-of-band blocking limit of -15 dBm has been included in the Figures (red circle). 

Figure 3:  Received power (dBm) as function of incidence angle for the 3 V/m 500 MHz interferer.
As noted in the legends of Figure 3, some additional tests not mentioned above where also done. Except for the standard requirement to test both polarizations of the range (interferer) antenna (light blue and orange lines above), additional measurements where done with the EUT antenna 45° tilted (grey and yellow lines). As the EUT antenna elements are +/- 45° polarized the intension was to match polarizations of the two antennas in the setup. Finally, the antenna element on which the measurement was performed was changed and both +45° and -45° polarizations where assessed (dark blue and green lines). The results show that the choice of port has no major impact on the results. 
Note: The irregularities in the results may be a result of reflections in the measurement chamber. 

Figure 4:  Received power (dBm) as function of incidence angle for the 10 V/m 2140 MHz interferer.
As noted in the legends of Figure 4, some additional measurements with a 45° tilted EUT were performed also at this frequency. The results show an expected polarization dependence.
Observation 1: 
The results in Figures 3 and 4 show that the received power level is highly dependent on the incidence angle of the interferer signal. 
Observation 2:
The results in Figure 3 show that all measured received power levels are below the OOB blocking limit for the 3 V/m 500 MHz interferer case. 
Observation 3:
The results in Figure 4 for the 10 V/m 2140 MHz interferer show that for a frequency where the OTA AAS BS array element is matched, the OOB blocking limit may be exceeded for any incidence angle and for the 90° case where the antenna front is facing the interferer the received power level may be exceeded by more than 15 dB.
Observation 4:
The results in Figures 3 and 4 show that the OOB blocking limit is exceeded for almost all angular incidences between 
0-180° with a 10 V/m interferer level, whereas the OOB blocking limit is met for all angular incidences for the 3 V/m case.
Observation 5:
From a test setup perspective, and considering the results presented in Figures 3 and 4, the OOB blocking limit is exceeded when  a 10 V/m interferer level is applied on the front side of the EUT. On the other hand,  the OOB blocking limit is met for all the faces of the EUT for the 3 V/m case.

2.2 IEC considerations on EMC Test procedure
According to IEC in [4], EMC Test “shall normally be performed with the generating antenna facing each side of the EUT. When equipment can be used in different orientations (i.e. vertical or horizontal) all sides shall be exposed to the field during the test. When technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna. In other cases, as determined for example by the type and size of EUT or the frequencies of test, more than four azimuths may need to be exposed.” 
Observation 6:
RI is normally tested with the generating antenna facing four sides of the EUT (Front, back, left and right side), as presented in Figure 5. 
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Figure 5: Faces considered in RI test setup.
However, IEC 61000-4-3 also states that when technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna.

2.3 Additional considerations on EMC Testing
In a real scenario, there is no difference between the following cases:
· OTA case where an antenna is connected directly to the radio.
· The conducted scenario where the antenna is connected to the radio via a detachable cable. 
For both cases, the Radio needs to be able to handle interfering signals from other interfering sources, including but not limited to mobile services. Additionally, in a real scenario and for both cases (conducted and OTA), it must be guaranteed that no other services (and their corresponding antenna) are transmitting directly pointing into the Antenna associated to mobile services.
On the other hand, the level of interfering signals must be controlled by either:
1. The spurious emission of the interfering system: In this case, different requirements such as Out of Band Unwanted Emission (OBUE) and Co-location / Co-siting, and their associated levels, are defined for different frequency bands. These requirements are defined to guarantee a correct performance of the system within defined limits and its co-existence with other services while not interfering with high load scenarios and emergency communications.
2. The blocking characteristics of the own system: From the own systems point of view the interfering signal through the antenna is equivalent to the blocking requirements given that:
· The antenna is connected to the Radio. Note specifically that this is independent of how it is connected, i.e. via cable or directly.
· The signal is entered the Radio via the RF port.
Observation 7:
Radiated Immunity tests are complemented by the additional evaluation of different requirements such as Out of Band Unwanted Emission (OBUE) and Co-location / Co-siting, and blocking.
Conclusion
The observations in Section 2 show that the OOB blocking limit is for many scenarios exceeded in a RI test. One solution to this issue may be to reduce the required number of angular incidences for radiated immunity testing of OTA AAS BS, i.e. omit the 90° case (front facing the interferer) when testing the frequency range > 690 MHz and applying 10 V/m interferer levelProposal 1: For OTA AAS BS the radiated immunity (RI) test need to be reduced to fewer angular incidences. The angular incidence where the front of the OTA AAS BS is facing the interferer range antenna need to be omitted. As presented in Figure 6.
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Figure 6. Definition of Front Side during Radiated Immunity Test.
Considering that IEC 61000-4-3 states that when technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna, it would be possible to consider excluding the front side of the antenna during RI tests. This exclusion does not imply a relaxation on the testing or the requirements, since there are additional mechanisms to guarantee the performance of the DUT fits within regulatory requirements while protecting other services.
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