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1. Introduction

At the last RAN4 meeting (RAN4#85 in Reno) the first version of Release 15 RF core specification for AAS BS was created. In this specification an OTA version of the out-of-band receiver blocking requirement have been created. 

In this contribution we present some background information on the reasoning behind the requirement. Especially, on how the interfering signal is defined.
2. Discussion

The OTA out-of-band receiver blocking requirement is based on OTA reference sensitivity with the addition of an interfering signal. That means that the base station is illuminated with a wanted signal and an interfering signal at the same time. The wanted signal is in terms of frequency coverage within the operating band, while the interfering signal is defined in the range 30 MHz to 12.75 GHz except the operating band and exclusion zones. 
When developing an OTA out-of-band receiver blocking requirement giving the same level of protection against interferers as before, the following aspects need further considerations:

1. The figure of merit used for the OTA interfering signal. 
2. The absolute interfering signal level.
3. The interfering level frequency charactersitcs.

The ambition developing OTA requirements, have been to adopt a black-box approach, meaning that impinging signals (wanted and interferer) are defined at the antenna aperture (e.g. EIS for OTA sensitivity). Now we need to define a similar concept for the interfering signal, part of the OTA out-of-band receiver blocking requirement
Defining the interfering signal in the OTA domain requires some deeper insights into free-space path loss and the definition of antenna gain. One source of confusion is what is meant by propagation. The propagation channel includes things like path loss, multipath reflection effects, multipath fading, Doppler, fading due to material penetration, etc. Another important issue is if the antenna itself is included when discussing propagation. Antenna response and antenna design generally is highly frequency dependent, but the propagation of an electromagnetic wave in free space is not. So, it is not hard to see why there is often misunderstanding regarding where the radio effects start and stop and where the propagation effects take over, and if propagation includes antenna aspects. 

If a RF signal is radiated by an isotropic radiator, then the energy propagates uniformly in all directions. Areas with the same power density therefore form spheres around the radiator (A=4πr²). The same amount of energy spreads out on an incremented spherical surface at an incremented spherical radius. That means that the power density on the surface of a sphere is inversely proportional to the surface area A of the sphere.

The expression for Free Space Path Loss (FSPL) encapsulates two effects. The classical definition of free-space path power loss is proportional to the square of the distance between the transmitter and receiver, and proportional to the square of the frequency of the radio signal. 
Firstly, the spreading out of electromagnetic energy in free space as power density is determined by: 
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, where EIRP radiated power in Watt and r is the distance in meters.

In antenna theory, effective area, is a measure of how effective an antenna is at receiving the power of electromagnetic radiation. The aperture is defined as the area, oriented perpendicular to the direction of an incoming electromagnetic wave, which would intercept the same amount of power from that wave as is produced by the antenna receiving it. At any point, a beam of electromagnetic radiation has an irradiance or power flux density which is the amount of energy passing through a unit area of one square meter. If an antenna delivers Prx watts to the load connected to its output terminals when irradiated by a uniform field of power density PD W/m2, the antennas aperture Aeff is given by:
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So, the power received by an antenna is equal to the power density of the electromagnetic energy, multiplied by its aperture. The larger an antennas aperture, the more power it can collect from a given electromagnetic field. To obtain the predicted power available Prx, the polarization of the incoming waves must match the polarization of the antenna, and the load must be impedance matched to the antenna's feeding point.

Although this concept is based on an antenna receiving an electromagnetic wave, knowing Aeff directly supplies the power gain of that antenna. Note that Aeff is a function of the direction of the electromagnetic wave relative to the orientation of the antenna, since the gain of an antenna varies according to its radiation pattern. When no direction is specified, Aeff is understood to refer to its maximum value, with the antenna oriented so its main lobe, the axis of maximum sensitivity, is directed toward the source.
The directivity of an antenna or the ability of receive signals from a single direction, is measured by a parameter called its gain, which is the ratio of the power received by the antenna to the power that would be received by a hypothetical isotropic antenna, which receives power equally well from all directions.

According to antenna textbooks, such as [1], the aperture of a lossless isotropic antenna, which has unity gain, is:
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, where  is the wave length in m associated to the received signal. Based on the aperture of the isotropic antenna defined by Equation 3, the antenna gain is defined as:
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The relation to the isotropic antenna aperture is reflected by referring to dBi in logarithmical scale. 

The second effect included in FSPL is that of the receiving antennas aperture, which describes how well an antenna can pick up power from an incoming electromagnetic wave. For a receiving antenna, combining Equation 2 and Equation 4, the received power Prx is given by:
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, where PD is the power density in W/m2, Grx is the antenna gain and  is the wave length in m.
Now we can define FSPL as a ratio between the radiated power in terms of EIRP and the ratio Prx/Grx by combining Equation 1 and Equation 5 as:
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(Equation 6)

The frequency dependence of FSPL in Equation 6 comes from the isotropic antenna aperture assumption in Equation 3.

Now, let’s assume the case where we have an aggressor radiating a certain EIRP towards the victim. Then the received power at the antenna reference point (Prx) can be calculated by combining Equation 4, and Equation 6 as:
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(Equation 7)

From this we can conclude that Prx is dependent on EIRP, Aeff and r, but not wave length (frequency). This is a consequence of that the frequency dependence of FSPL will cancel out with the frequency dependence in Grx. 
Even though, the antenna aperture will vary as function of frequency for real antenna implementations in an unpredictable fashion. 
To derive an equivalent OTA level for the interfering signal, we can define a parameter, called Equivalent Isotropic Received Level (EIRL) defined as:
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The conducted requirement the interferer signal level is set to -15 dBm at each antenna reference point (TAB connector). Assuming, an antenna gain for an passive base station antenna is 17 dBi, then the EIRL for a passive base station can be calculated to -32 dBm.

Combining Equation 6, and Equation 7, EIRP can be expressed as:
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Since FSPL in Equation 6 is a function of  and r, assumptions on those parameters are required to determine the EIRP level for the interferer signal.

One approach is to fix the wave length to the wave length of the operating frequency (e.g. 2 GHz) and pick an arbitrary distance. So, let’s assume wave length =0.15 m and distance r=30 m, then the FSPL=68 dB, which would result in a EIRP=36 dBm.
Using this approach, the interferer signal level is determined so that the signal level at the traditional base station using a passive antenna is maintained at -15 dBm at operating frequency. An OTA interferer signal level is established as an EIRP level at a distance away from the victim base station. 

Considering Equation 7 and assuming worst case where Aeff is constant it would be reasonable to define the OTA interferer signal level as an EIRP=36 dBm at a distance r=30 m within the frequency range of 30 MHz to 12.75 GHz.
Having a RF core requirement based specifying the parameters related to aggressor may seem strange. Also, fixing the distance may be a restriction of conformance testing included in the RF core requirement definition. Other parameters can be selected to create a requirement with the same level of interferer, but expressed using other characteristics, such as EIRL or field-strength. 
Even though, the EIRP and distance can be scaled (using Equation 7) to provide the same interfering signal level, there are some limitations on the scaling maintaining the far-field criteria for further study. It would be better to define the RF core requirement interfering signal level, based on parameters just outside the base station in terms of EIRL or field-strength. In a companion contribution [2], the details of the relation between the current definition and EIRL and field-strength is further elaborated. 
Summarizing, the OTA level for the interfering signal is defined by following steps:

1. The EIRL for a passive antenna base station is evaluated assuming following:

a. The conducted interferer level is -15 dBm.
b. The operating frequency in 2 GHz.

c. The passive antenna gain is 17 dBi.

2. An arbitrary distance to the radiator of the interfering signal is assumed (r=30 m).

3. EIRP is calculated by Equation 9.

3. Conclusion

In this contribution, we started from antenna basics to described to background of free space path loss, which is a crucial parameter when defining OTA requirements. 

Based on assumption related to passive base station antennas (17 dBi gain), conducted out-of-band receiver blocking interferer signal level (-15 dBm) and knowledge about free space propagation a requirement concept for OTA out-of-band receiver blocking have been developed. The OTA requirement constitutes of an OTA interferer signal level defined as 36 dBm EIRP at 30 m distance. Further, work is required to find requirement parameters not assuming test aspects, such as distance being part of the RF core requirement. 
The testability aspect related to OTA out-of-band receiver blocking requires further analysis, since the background is heavily dependent on antenna gain, and path-loss the conditions stated by the far-field criteria requires careful understanding. 
Also, the background information captured in TR 37.842, sub-clause 6.5 requires updates accordingly, therefore a CR have been prepared in [3].   
4. References

[1]
ISBN: 0-471-66782-X, “Antenna Theory, Analysis and Design”, Third Edition, Constantine A. Balanis, Wiley-Interscience
[2]
R4-1802474, “On OTA out-of-band receiver blocking requirement definition enhancements”, Ericsson
[3]
R4-1802470, “Draft CR to TS 37.105: Improvements of OTA RX OOB blocking interferer level definition in sub-clause 10.6“, Ericsson

3GPP


_1578316878.unknown

_1578388829.unknown

_1578388991.unknown

_1578388816.unknown

_1578308691.unknown

_1578308801.unknown

_1578293335.unknown

_1578294299.unknown

_1578216106.unknown

