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1 Introduction
In RAN4#72bis in Singapore, rational for introducing OTA sensitivity, and a methodology for identifying an appropriate fixed level were discussed in [1]. The discussion on OTA sensitivity has since progressed with a more commonly used terminology, and two distinguishable views on how to define the requirement. Both ways are based on vendor declarations but one way suggests an upper bound on the OTA sensitivity declared, comprising a scaling related to the estimated directivity of the AAS BS and a fixed basic sensitivity [2]. Several documents have attempted to describe methods of scaling, but only in [1] has the basic sensitivity been treated (under a different description). This document revisits some aspects of how to approach the identification of a fixed basic sensitivity level.
2 Discussion
When defining a requirement, the rational for it is a good guide. The rationale for introducing OTA sensitivity includes:
· Providing prediction for UL coverage

· Providing a link to the legacy BS performance, so that performance can be compared and legacy simulations can be reused, or used as a base line for performance requirements.

It is also useful to identify the range of equipment for which the requirement shall apply. It is here assumed that OTA sensitivity shall be a requirement applicable to all AAS BS. Therefore, it is important that the requirement does not exclude any AAS implementation that can reasonably be assumed feasible and rational to make. Hence, very large arrays (in arbitrary shape) are on one end of the spectrum whereas the other end is a sole transceiver with a single antenna element integrated into its design.
When reusing results of simulations made for determining non-AAS BS requirements, it is important to maintain a link between the assumptions used in the legacy simulations and the properties of the new devices. Hence the sensitivity impact and antenna properties should be described in an understandable fashion. In [3], the BS antenna used in the simulations is defined as having a 65° azimuth beam width and an antenna gain (rural) of 15 dBi. The antenna directivity is not given, and neither is the loss in the antenna and feeder system. Hence, a schematic as shown in figure 1 below describes the installed BS in the simulation situation. The antenna and site equipment is said to have an effective antenna gain of 15 dBi. 
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Figure 1, BS model used in simulations described in TS36.942 [3].

Comparing with the definitions of OTA sensitivity proposed in [2] it can be seen that the EIS used in the legacy simulations described above has been the reference sensitivity minus the effective antenna gain.
In order to estimate the loss involved, the fact that the antenna gain by definition is the antenna directivity minus loss
 can be used. It has been suggested in [4] that the directivity of an antenna can be possible to estimate with an error within 0.5 dB, using a simple formula employing the azimuth and elevation beamwidths. The directivity is estimated this way using an elevation beamwidth that is commonly used in the field. A very common type of 65° azimuth beamwidth antenna has 7 to 8° elevation beamwidth. 7.5° may be used as an example.
The BS plus site equipment plus antenna can now be modelled as described in figure 2 (which is equivalent to figure 1, but offers a little more detail.)


[image: image2.emf]BS Antenna and feeder loss

Antenna 

directivity

Antenna gain

Reference 

sensitivity

Basic 

sensititivity

EIS



Figure 2, BS model used in simulations described in TS36.942 [3] with added elevation beamwidth assumption.

Inserting azimuth beamwidth
 of 65° and elevation beamwidth of 7.5° in the 36000+model in [4] yields an antenna directivity of 18.7 dBi. Comparing figures 1 and 2, it can be concluded that the effective antenna loss in the simulations made was approximately 18.7 – 15 = 3.7 dB.

Again comparing with the definitions in [2], it can now be seen that the OTA sensitivity is the same in terms of EIS, and the reference sensitivity is also the same, but the added assumption has yielded the antenna directivity, which has also given the effective antenna loss and the basic sensitivity, which can be described as the reference sensitivity level plus 3.7 dB. 
The basic sensitivity referred in [2] can thus be described both in terms of the EIS plus the AAS directivity (or estimated directivity) and as the non-AAS BS reference sensitivity plus the effective antenna loss.
[4] investigated a substantial number of common antenna implementations, and while it remains to be shown that the accuracy applies also for more exotic beam shapes and beam cuts, the assumptions regarding the antenna properties in the simulations described in [3] are such that the conclusions in [4] are valid for the simulated conditions.

It has been found above that the effective antenna loss in the legacy system is around 3.7 dB. This figure is expected to be lower in an AAS BS due the shorter cables expected in the AAS array. However, it is also clear the loss will not be negligible. The cables, while shorter are also likely to be less bulky, and thus represent more loss per metre. Also other components in a dense array will be exhibit more loss due to the limitation in size. A preliminary figure for the AAS effective antenna loss is 2 dB to 3 dB.
It should be noted that the effective antenna loss may not be the only deciding factor for the basic sensitivity. Also e.g. the applicability of the sensitivity requirement (e.g. only at peak sensitivity direction, or inside the entire RoAoA) will affect the needed margin to be set.
3 Conclusion
· As suggested in [2], the OTA sensitivity shall be a vendor declared parameter expressing the EIS. It shall have an upper bound, described by the basic sensitivity scaled with the AAS estimated directivity.
· The basic sensitivity fixed level has a fixed relation to the reference sensitivity defined in TS36.104 and TS25.104. The OTA basic sensitivity is suggested to be based on an effective antenna loss of 2 to 3 dB.
· Concerns on the applicability of the requirement in the spatial/directional domain will further affect the level of the basic sensitivity.
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5 Terminology

The terminology used in this contribution is taken from TR37.842 or R4-147669. 

Additional explanations of terms can be found below:

AoA



Angle of Arrival
Basic sensitivity
A fixed sensitivity level to be scaled with the AAS estimated directivity.
Effective antenna gain
The antenna gain (dBi) minus the loss of the site infrastructure connecting the BS antenna connector with the antenna (dB).
Effective antenna loss
The antenna loss (dB) plus the loss of the site infrastructure connecting the BS antenna connector with the antenna (dB).
Estimated directivity
Directivity estimated by a function of beamwidth or RoAoA.
Peak sensitivity direction: The direction in the manufacturer defined coordinate system, representing the direction from which the best EIS is achieved by the AAS BS.

Note , This corresponds to the bore sight in the transmitter case. 

Note, in a manufacturer defined co-ordinate system, the horizontal plane,upwards and downwards need to be defined.
RoAoA
Range of Angle of Arrival - a range of angles in which the incident plane wave may approach the antenna relative to the horizon and panning reference direction.

� Antenna gain (dBi) is defined in [5] as: The ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically. For the effective gain, this relation is referring to the offered power instead of the accepted power. Hence the reflected power (which is normally comparatively very small – less than 5% in the case of base station antennas) is included in the power loss figure. The directivity will correspondingly represent a lossless perfectly impedance matched antenna.


� The simulations in [3] have been performed assuming reciprocal antenna properties for UL and DL, and hence the beam width is reused for sensitivity related simulations. In the case of AAS, it has been agreed that such reciprocity shall not be assumed, and hence the beam concept is reserved for transmit applications. The corresponding terms proposed for reception is “Range of Angle of Arrival, RoAoA”. Hence the RoAoA is the property used for the determining the estimated directivity related to the AAS BS OTA sensitivity.
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