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1. Introduction

At the last RAN4 meeting (RAN4#85 in Reno) an OTA out-of-band receiver blocking requirement was defined. The requirement is included in TS 37.105 as well as in the first version of TS 38.104, both part of Release 15. The background information for the requirement is captured in TR 37.843.    

The receiver blocking requirement is specifying the robustness against an impinging interfering signal level, while maintain specified link quality. In the current version of the specifications the impinging signal is defined as an EIRP level at a certain distance, which corresponds to an impinging field strength level in V/m or in decibel scale an EIRL power level in W relative an isotropic receiver antenna. The current RF core requirement states a test distance, which could be seen as a conformance test restriction. 
In this contribution we elaborate with an idea to use a slightly different definition of the requirement parameters, while maintaining the strictness and robustness against blockers. At the end of the contribution we present some proposals for changing the RF core requirement to be more conformance test neutral. 
2. Discussion

In TR 37.843, the background information related to the OTA receiver blocking requirement is captured. Last meeting RAN4 decided to define the requirement based on an interfering signal with fixed EIRP level at a fixed distance as:
The interfering signal mean power for all operating bands is [36] dBm and a constant fixed distance of [30] m.

The values are still preliminary but relates to the same protection as the legacy specification, e.g. -15 dBm at each induvial receiver antenna reference point (aka TAB RF connector). 

This RF core requirement, indicates a baseline for the measurement distance to use during conformance testing. From a RF core specification point of view, it would be better to define the RF core requirement as the field strength level experienced by the base station, instead of defining the source of the interfering signal radiator in terms of EIRP and distance. The principle for OTA BS requirements have been to strive for black-box requirements allowing multiple test methods.  
Observation 1:

The impinging interfering signal at the base station should be specified, instead of parameters associated to the radiator.  

From previous contribution [1], it can be concluded that the power density can be expressed in the far-field region as a function of distance, r in meters and EIRP as: 
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(Equation 1)
Also, from Poynting’s theorem known from electromagnetic field theory [2] we know that the relationship between the power density to the E-field and H-field vectors can be expressed as:
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The magnitude of the power density is thus:
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(Equation 2)

, where Z0 is the impedance of free space approximately equal to 120ohm. 
From Equation 1 and Equation 2, we can now express the RMS value of the E-field as:
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(Equation 3)
From the equation above it is clear that the EIRP level at a defined distance is directly related to a field strength level in V/m. This expression is also described in ITU-R P.525 recommendation [4] for calculation of free-space attenuation. 
Observation 2:

The field-strength level at a distance r is determined by the radiating source EIRP level.

Observation 3:

The field-strength level is constant over frequency.
Using Equation 3, the agreed requirement defined as EIRP=36 dBm at a distance r=30 m, can be reformulated as a field strength E=0.36 V/m. 
This means that there are two approaches for specifying the interferer signal level resulting in the same level of protection against blockers:
1. Specifying a source radiating the interfering signal towards the base station, where EIRP=36 dBm and r=30 m.
or

2. Specifying an impinging field, with a field strength E=0.36 V/m.

Both, gives the same protection in terms of blocking performance. The first one is specifying the aggressor, in term of EIRP and distance, while the second defines the interfering signal at the base station. 

From a OTA RF core perspective, it would be more suitable to use field-strength as a parameter for the interfering signal level.

However, from an OTA conformance test perspective, it would be more practical to consider usage of Equivalent Isotropic Received Level (EIRL) as parameter. Since then, we can adopt classical link budget calculation, which is beneficial when test distance, antennas and power levels are configured in conformance testing in an OTA test facility. 

From [3], we know that EIRL can be expressed as:
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, where FSPL is defined as:
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(Equation 5)

By combining Equation 3, Equation 4, and Equation 5, EIRL can de expressed as function of field-strength and wave-length as:
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(Equation 6)

In Figure 2-1, the EIRL in dBm corresponding to a field strength of 0.36 V/m is plotted as function of frequency.
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Figure 2-1 EIRL as function of frequency
Observation 4:

The field strength level response over frequency is flat, unlike the EIRL response. 

It can be noted from the figure that EIRL is -32 dBm at 2 GHz, which is expected assuming -15 dBm conducted interferer level and 17 dBi passive antenna gain (the background is described in [3]).  
Using EIRL for conformance testing requires that Equation 6 is captured in the conformance test specification, even though the RF core requirement and test requirement is captured as field-strength. The benefit of EIRL is from pure practical point of view, when range antenna and test distance is determined over frequency, where link budget calculations are required. The frequency dependence of EIRL is coming from antenna aperture of the isotropic radiator which is used as reference for antenna gain.
As a consistency check the receiver signal by and antenna placed at a point with certain field strength is calculated from the antenna aperture and the power density at the receiving antenna using Equation 2 as:
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I can be noticed that the power per receiver branch is not depending on  and r. Assuming worst case scenario, where Aeff is constant over frequency, then the received power level will be independent of frequency. However, for real antenna implementations Aeff will depend on frequency in an unpredictable fashion.
3. Conclusion

Based on observations in this contribution, a couple of proposals for improving the readability and quality of the RF core specification is suggested.   

Proposal 1:

Define the RF core requirement based on an impinging interfering level not dependent on distance from source.
Proposal 2:

Define the RF core requirement as a field strength level.

Proposal 3:
The interfering signal for receiver out-of-band blocking the field strength level for all operating bands is 0.36 V/m.
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