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1	Introduction
In the RAN4 meeting #85, the output power level of interference signal for out of band blocking was decided as a fixed EIRP level at a fixed distance between an AAS-BS and an aggressor antenna. The value of the level and distance is currently [36 dBm] and [30 m]. These values are obtained based on the assumption that the antenna gain of AAS-BS is ideally proportional to f2. However, not every actual antenna shows such kind of ideal characteristics. This contribution shows a simulated antenna gain over the wide frequency range from 2 GHz to 13 GHz, and proposes level of the blocking signal should be increased by considering the worst case of antenna gain from 2 GHz to 13 GHz.
2	Discussion
2.1 Level of blocker signal for OOB

In RAN4 meeting #85, the output level (EIRP) of blocking signal and distance between AAS BS and aggressor antenna are set to [36 dBm] and [30m] to achieve the -15 dBm at the input port of RX unit [1,2]. 

Observation 1:  [36 dBm] and [30 m] are determined to acheve the -15 dBm of blocking singal at the input port of RX unit of AAS BS.

The level of the blocking signal and the distance are fixed values for the frequency range of OOB blocking signal that is from 30 MHz to 12.75 GHz. This is because the ideal antenna gain is proportional to square of frequency (f2) and free space path loss is inversely proportional to f2. Then the path loss between transmitter antenna aperture and receiver antenna output port is constant if the frequency is changed [2].

Observation 2:  Level and distance of blocker signal can be constant over the frequency range of OOB if the antenna gain is proportional to f2. 

However, not every actual antenna shows the frequency characteristics that the antenna gain is proportional to f2. Fig. 1 shows frequency characteristics of a half wavelength dipole antenna’s gain. 
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(a)  Antenna model                 (b) Frequency characteristics of simulated gain and ideal gain
Fig. 1  Frequency characteristics of half wave dipole antenna
Fig 1(a) is the antenna model and Fig 1(b) is the simulated antenna gain. These results are simulated by full-wave electromagnetic simulator based on the finite element method (FEM). The gain is maximum value for all directions from the antenna, and is the realized gain that includes the mismatch effect at input/output port. The antenna is designed at 2 GHz, and the gain at 2 GHz is 2.2 dBi. The ideal gain characteristics (that are proportional to f2) are also plotted on Fig 1(b). As shown in Fig 1(b), even though the simulated gain tends to increase depending on frequency, there is a certain difference between ideal gain and simulated gain.

Observation 3:  Gain of half wave dipole antenna is NOT proportional to f2. 

The difference between ideal gain and simulated gain of half wave dipole antenna is described in Fig. 2.
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Fig. 2  Difference between ideal gain and simulated gain for 2 GHz half-wave dipole antenna

In the worst case, about 14 dB of difference is observed at around 12 GHz. Therefore, blocking level could be -30 dBm at 12 GHz. This is 14 dB lower than conducted level. This simulation is done for an antenna element. However, this difference would be the same for the worst case of sub-array antenna system that all antenna elements in sub-array are correlated.

Observation 4:  The blocker signal level could be 14 dB lower than that for conducted test for the worst case.

From above observations, we propose the level of blocker signal should be 15 dB higher than 36 dBm in order that the input level of blocker signal to RX module is at least -15 dBm for the worst case.

Proposal:  The level and distance of blocker signal for OOB blocking should be 50 dBm and 30 m.






3	Summary
In this document, we have discussed the output level of interference signal for OOB requirements except for co-location scenario, and made the following proposal based on the following observations.

Observation 1: [36 dBm] and [30 m] are determined to acheve the -15 dBm of blocking singal at the input port of RX unit of AAS BS.

Observation 2: Level and distance of blocker signal can be constant over the frequency range of OOB if the antenna gain is proportional to f2.

Observation 3:  Gain of half wave dipole antenna is NOT proportional to f2.

Observation 4:  The blocker signal level could be 15 dB lower than that for conducted test for the worst case.


Proposal:  The level and distance of blocker signal for OOB blocking should be 50 dBm and 30 m.
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