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Introduction
In RAN4-#83 two text proposals on Radiated Immunity (RI) for OTA AAS BS were approved. As stated in [1] testing RI of an OTA AAS BS in the traditional way may cause the receiver being blocked (i.e. if the OOB blocking requirement is exceeded) and measures may need to be taken in order to avoid this to happen. Limitations of the RI applicability in terms of frequency boundaries have previously been discussed in RAN4 meetings and also the possibility to specify spatial (angular) exclusions for RI testing. This contribution presents 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. 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. After concluding these initial measurements a max-hold frequency sweep measurement was performed when the front of the EUT was facing the interferer range antenna. After determining the worst-case frequency, the different angular incidences were measured. 
Note: All measurements were done with 10 V/m interferer field strength, but 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. 
Discussion
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.  
The test setup, as shown in Figure 1, was based on IEC 61000-4-3, 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.

Figures 3 and 4 show photographs of the measurements for the 90° and 0° incidence angles, respectively. 
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Figure 3: Photograph showing the 90° measurement. Figure 4: Photograph showing the 0° measurement. 

The results for the two initial interferer frequencies are presented for the different incidence angles in Figures 4, 5a and 5b below. The out-of-band blocking limit of -15 dBm has been included in the Figures (red circle). 

Figure 4:  Received power (dBm) as function of incidence angle for the 3 V/m 500 MHz interferer.
As noted in the legends of Figure 4, 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 5a:  Received power (dBm) as function of incidence angle for the 10 V/m 2140 MHz interferer.


Figure 5b:  Received power (dBm) as function of incidence angle for the 2140 MHz interferer when scaled to 3 V/m. 
As noted in the legends of Figure 5, some additional measurements with a 45° tilted EUT were performed also at this frequency. The results show an expected polarization dependence.
The results scaled to 3 V/m interferer level exceed the OOB blocking limit by approximately 10 dB in the worst case scenario (polarization matched) for the 90° angular incidence.  
In order to determine the worst-case frequency, a max-hold frequency sweep was performed from 80 MHz – 3 GHz and from 3 GHz – 6 GHz (different range antenna was used) for the 90° incidence angle. The frequency sweep showed that there is a wide frequency range, approximately 700 MHz – 6 GHz, where the OOB blocking limit may be exceeded for the 90° incidence angle. From 700 MHz – 3000 MHz almost all the measurement points exceed the OOB blocking limit. 
The worst-case frequency was found to be 1434 MHz and the angular scan was performed for this frequency for vertical and horizontal range antenna polarizations (blue and orange lines) as shown in Figure 6. The figure also includes results scaled to an interferer level of 3 V/m (grey and yellow lines). 

Figure 6:  Received power (dBm) as function of incidence angle for the 10 V/m 1434 MHz interferer (blue and orange lines) and scaled to 3 V/m (grey and yellow lines).
An additional measurement was finally performed at the transition frequency point of 690 MHz, where the RI limit changes from 3 V/m to 10 V/m. The result of the angular incidence measurement is presented in Figure 7 below. 

Figure 7:  Received power (dBm) as function of incidence angle for the 10 V/m 690 MHz interferer (blue and orange lines) and scaled to 3 V/m (grey and yellow lines).
The results of Figure 7 shows 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 1: 
The results in Figures 4 and 5 show that the received power level is highly dependent on the incidence angle of the interferer signal. 
Observation 2:
The results in Figure 4 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 5 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: 
For this EUT there is a wide frequency range, approximately 700 MHz – 6 GHz, where the OOB blocking limit may be exceeded for the 90° incidence angle. From 700 MHz – 3000 MHz almost all the measurement points exceed the OOB blocking limit for 10 V/m interferer. 
Observation 5: 
At the worst-case frequency (Figure 6) the OOB blocking limit is exceeded for most angular incidences 0-180° of the RI test for 10 V/m interferer level. 
Observation 6: 
At the worst-case frequency (Figure 6), scaling of the measurement results to an interferer level of 3 V/m results in a situation where the OOB blocking limit is exceeded by approximately 15 dB for the 90° case. 
[bookmark: _GoBack]Note: The 180°-360° angular incidences were omitted for some frequencies, but the same behaviour as for 500 MHz and 2140 MHz is expected. 
Note: RI is normally tested with the generating antenna facing four sides of the EUT. In order not to increase test time and complexity there is an objective not to require additional test cases.   
Conclusion
The observations in Section 2 show that the OOB blocking limit is for many scenarios exceeded in a RI test. What was also found by the measurements was that the frequency range where the OOB may be exceeded is wide (700 MHz – 6 GHz for this EUT), i.e. an exclusion frequency band where RI testing may be omitted is not possible to specify. 
For all frequencies ≥ 690 MHz where the angular incidence was studied, the results show that the RI test would exceed the OOB blocking limits for 90° angular incidence for the EUT tested in this discussion. 
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). It may, however, be too early to specify such a solution before studying this further. 
Another possibility may be to reduce the interferer level for the front part of the OTA AAS BS to 3 V/m, and require the other sides of the EUT to be tested at ordinary radiated immunity levels depending on frequency. 
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OOB blocking limit	0	30	60	90	120	150	180	210	240	270	300	330	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	Vertically polarized range antenna (scaled to 3 V/m)	-26.593574905606751	-23.439574905606751	-21.08157490560675	-19.909574905606753	-18.904574905606751	-17.432574905606749	-16.14857490560675	-15.075574905606752	-14.215574905606751	-13.694574905606752	-12.977574905606751	-12.291574905606751	-11.624574905606751	-11.380574905606752	-11.169574905606751	-11.085574905606752	-10.835574905606752	-10.760574905606752	-10.737574905606751	-10.796574905606752	-11.175574905606751	-11.838574905606752	-12.538574905606751	-13.538574905606751	-14.972574905606752	-16.94757490560675	-19.007574905606752	-21.476574905606753	-24.355574905606751	-25.385574905606752	-23.861574905606751	-22.614574905606752	-22.662574905606753	-24.211574905606753	-28.126574905606752	-42.812574905606752	-36.496574905606749	-38.226574905606753	-39.036574905606756	-36.00557490560675	-37.147574905606753	-39.207574905606748	-45.756574905606755	-51.427574905606747	-39.88357490560675	-32.449574905606752	-29.157574905606751	-27.405574905606752	-26.61357490560675	-26.015574905606751	-25.38357490560675	-24.976574905606753	-26.427574905606754	-29.420574905606752	-32.870574905606752	-37.151574905606751	-37.402574905606755	-36.866574905606754	-36.256574905606755	-33.742574905606752	-32.537574905606746	-35.683574905606747	-37.109574905606749	-35.219574905606748	-33.698574905606748	-34.739574905606752	-37.356574905606749	-38.088574905606748	-37.317574905606747	-39.724574905606751	-40.794574905606751	-35.378574905606754	Horizontally polarized range antenna (scaled to 3 V/m)	-18.146574905606752	-18.31957490560675	-17.032574905606751	-15.368574905606751	-14.111574905606751	-13.633574905606752	-13.452574905606753	-12.969574905606752	-11.878574905606751	-11.171574905606752	-10.656574905606751	-10.006574905606751	-9.0915749056067519	-8.0405749056067517	-7.2845749056067515	-6.7135749056067517	-6.4565749056067512	-6.3415749056067519	-6.501574905606752	-6.8825749056067513	-7.2135749056067517	-7.3415749056067519	-7.1735749056067517	-7.1675749056067515	-7.2905749056067517	-7.6095749056067516	-8.2105749056067516	-8.8665749056067522	-9.772574905606751	-10.834574905606752	-12.420574905606752	-14.340574905606751	-15.641574905606753	-16.647574905606753	-18.04957490560675	-19.885574905606752	-21.00557490560675	-22.469574905606752	-28.503574905606751	-26.345574905606753	-24.051574905606749	-25.571574905606752	-34.910574905606751	-33.859574905606749	-26.631574905606751	-26.256574905606751	-30.070574905606751	-41.687574905606752	-39.02057490560675	-34.192574905606747	-33.257574905606752	-34.290574905606746	-39.675574905606751	-43.086574905606753	-32.807574905606756	-29.907574905606751	-29.041574905606751	-28.022574905606753	-28.647574905606753	-31.579574905606751	-41.060574905606757	-47.117574905606745	-39.317574905606747	-34.668574905606746	-32.762574905606755	-33.613574905606754	-37.70957490560675	-37.990574905606749	-29.619574905606751	-26.86357490560675	-27.414574905606752	-26.367574905606752	Vertically polarized range antenna (45° tilted EUT) (sclaed to 3 V/m)	-22.06357490560675	-22.256574905606751	-21.106574905606749	-21.901574905606751	-23.614574905606752	-25.057574905606749	-25.792574905606752	-22.731574905606749	-18.434574905606752	-15.506574905606751	-13.355574905606751	-11.551574905606751	-10.566574905606751	-9.4455749056067511	-7.9865749056067514	-6.6775749056067522	-5.8255749056067518	-4.9555749056067517	-4.5365749056067513	-4.6425749056067511	-4.7405749056067519	-4.6035749056067514	-4.4655749056067515	-4.8145749056067517	-5.7735749056067514	-7.3455749056067514	-9.219574905606752	-10.718574905606751	-11.391574905606751	-11.753574905606751	-12.348574905606752	-14.064574905606751	-16.108574905606751	-19.00857490560675	-22.280574905606752	-29.377574905606753	-34.464574905606753	Horizontally polarized range antenna (45° tilted EUT) (scaled to 3 V/m)	-32.352574905606751	-32.060574905606757	-32.102574905606751	-29.51757490560675	-27.785574905606751	-29.22957490560675	-36.275574905606753	-50.723574905606753	-41.839574905606753	-54.592574905606753	-33.400574905606753	-28.32557490560675	-28.903574905606753	-28.777574905606752	-22.430574905606754	-17.756574905606751	-15.435574905606751	-14.102574905606751	-13.503574905606751	-13.819574905606752	-14.327574905606753	-14.374574905606751	-14.296574905606752	-14.327574905606753	-14.561574905606751	-14.522574905606753	-14.028574905606751	-14.551574905606753	-16.060574905606749	-17.843574905606751	-19.107574905606754	-19.470574905606753	-20.77057490560675	-23.552574905606754	-26.498574905606752	-24.81957490560675	-24.823574905606751	



OOB blocking limit	0	30	60	90	120	150	180	210	240	270	300	330	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	Vertically polarized range antenna (10 V/m interferer)	-23.32	-27.686	-24.962	-22.849	-19.100000000000001	-15.712	-13.582000000000001	-11.391999999999999	-9.4619999999999997	-7.8949999999999996	-5.8710000000000004	-3.8479999999999999	-1.956	-0.39	0.747	1.9890000000000001	3.0310000000000001	3.879	4.6970000000000001	5.2279999999999998	5.6269999999999998	5.6820000000000004	5.6260000000000003	5.4790000000000001	5.048	4.5	3.847	3.0419999999999998	2.1309999999999998	0.89500000000000002	-0.34799999999999998	-1.645	-3.169	-5.2030000000000003	-7.4249999999999998	-9.5530000000000008	-11.176	Horizontally polarized range antenna (10 V/m interferer)	-1.6830000000000001	-0.83399999999999996	-0.04	0.60099999999999998	1.06	1.573	1.7689999999999999	1.671	1.123	-0.29099999999999998	-3.4020000000000001	-11.004	-11.496	-0.57399999999999995	4.4809999999999999	7.5170000000000003	9.5779999999999994	11.105	11.938000000000001	12.215999999999999	12.016999999999999	11.407999999999999	10.472	9.0489999999999995	7.2380000000000004	5.24	3.1749999999999998	1.645	0.57399999999999995	-0.437	-1.4950000000000001	-2.6850000000000001	-4.1509999999999998	-6.641	-10.090999999999999	-15.378	-18.390999999999998	Vertically polarized range antenna (scaled to 3 V/m)	-33.777574905606755	-38.143574905606755	-35.419574905606751	-33.306574905606752	-29.557574905606753	-26.169574905606751	-24.039574905606752	-21.849574905606751	-19.919574905606751	-18.352574905606751	-16.32857490560675	-14.30557490560675	-12.413574905606751	-10.847574905606752	-9.7105749056067516	-8.4685749056067507	-7.4265749056067509	-6.578574905606752	-5.7605749056067515	-5.2295749056067518	-4.8305749056067517	-4.7755749056067511	-4.8315749056067512	-4.9785749056067514	-5.4095749056067515	-5.9575749056067515	-6.610574905606752	-7.4155749056067517	-8.3265749056067513	-9.5625749056067519	-10.805574905606752	-12.102574905606751	-13.626574905606752	-15.660574905606751	-17.882574905606752	-20.010574905606752	-21.63357490560675	Horizontally polarized range antenna (scaled to 3 V/m)	-12.140574905606751	-11.291574905606751	-10.497574905606751	-9.8565749056067524	-9.397574905606751	-8.8845749056067511	-8.6885749056067514	-8.7865749056067521	-9.3345749056067522	-10.748574905606752	-13.859574905606753	-21.461574905606753	-21.95357490560675	-11.031574905606751	-5.9765749056067516	-2.9405749056067512	-0.87957490560675211	0.64742509439324891	1.4804250943932491	1.7584250943932478	1.5594250943932479	0.95042509439324796	1.4425094393248017E-2	-1.408574905606752	-3.2195749056067511	-5.2175749056067513	-7.2825749056067517	-8.8125749056067519	-9.8835749056067517	-10.894574905606751	-11.952574905606753	-13.142574905606752	-14.608574905606751	-17.098574905606753	-20.548574905606749	-25.835574905606752	-28.84857490560675	



OOB blocking limit	0	30	60	90	120	150	180	210	240	270	300	330	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	-15	Vertically polarized range antenna (10 V/m interferer)	-22.931000000000001	-22.193000000000001	-21.021999999999998	-19.670999999999999	-18.423999999999999	-17.943999999999999	-17.965	-17.965	-17.927	-17.934999999999999	-17.518999999999998	-17.192	-17.097999999999999	-17.742999999999999	-18.460999999999999	-18.873000000000001	-18.943000000000001	-18.515000000000001	-18.48	-19.036000000000001	-20.117000000000001	-21.672999999999998	-22.81	-23.96	-25.026	-26.094999999999999	-27.564	-28.88	-29.228999999999999	-28.402999999999999	-28.018000000000001	-28.378	-29.417000000000002	-30.939	-31.33	-29.581	-27.469000000000001	Horizontally polarized range antenna (10 V/m interferer)	-11.218	-10.137	-9.0820000000000007	-8.2859999999999996	-7.6820000000000004	-7.3019999999999996	-6.9619999999999997	-6.78	-6.68	-6.5540000000000003	-6.6779999999999999	-6.7990000000000004	-7.2149999999999999	-7.57	-8.1660000000000004	-8.8740000000000006	-9.7029999999999994	-10.775	-11.721	-12.617000000000001	-13.522	-14.201000000000001	-14.324999999999999	-13.897	-13.188000000000001	-12.651999999999999	-12.352	-12.46	-12.509	-12.842000000000001	-13.164999999999999	-13.513	-13.91	-14.615	-15.494	-16.681999999999999	-18.27	Vertically polarized range antenna (scaled to 3 V/m)	-33.388574905606752	-32.650574905606753	-31.47957490560675	-30.128574905606751	-28.881574905606751	-28.401574905606751	-28.422574905606751	-28.422574905606751	-28.384574905606751	-28.39257490560675	-27.97657490560675	-27.649574905606752	-27.55557490560675	-28.20057490560675	-28.91857490560675	-29.330574905606753	-29.400574905606753	-28.972574905606752	-28.937574905606752	-29.493574905606753	-30.574574905606752	-32.13057490560675	-33.26757490560675	-34.417574905606756	-35.483574905606751	-36.552574905606747	-38.021574905606755	-39.337574905606751	-39.686574905606747	-38.860574905606754	-38.475574905606749	-38.835574905606748	-39.87457490560675	-41.396574905606755	-41.787574905606746	-40.038574905606751	-37.926574905606756	Horizontally polarized range antenna (scaled to 3 V/m)	-21.675574905606751	-20.594574905606752	-19.539574905606752	-18.743574905606749	-18.13957490560675	-17.759574905606751	-17.419574905606751	-17.237574905606753	-17.137574905606751	-17.01157490560675	-17.135574905606752	-17.256574905606751	-17.672574905606751	-18.027574905606752	-18.623574905606752	-19.33157490560675	-20.160574905606751	-21.232574905606754	-22.178574905606752	-23.074574905606752	-23.979574905606754	-24.658574905606752	-24.782574905606751	-24.354574905606754	-23.64557490560675	-23.109574905606749	-22.809574905606752	-22.917574905606752	-22.966574905606752	-23.299574905606754	-23.622574905606751	-23.970574905606753	-24.367574905606752	-25.07257490560675	-25.951574905606751	-27.13957490560675	-28.727574905606751	
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