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1 Introduction
The way forward approved on the topic in RAN4#72 [1] lists the following bullets for future work:
· “Review and approve text proposals documenting agreement on the following issues

· Adoption of the stimulus signal and fixed-reference channel (FRC) definitions used in 25.141 and 36.141 applied in a line-of-sight test configuration without fading for the conformance test requirement  
· Application of the OTA sensitivity requirement as applying to the AAS base station as a system

· Formulation of the sensitivity requirement as meeting a minimum throughput requirement at a sensitivity threshold. Criteria for identifying the threshold (either by vendor declaration or selection of reference sensitivity) is FFS (see below).

· Reach consensus on the following issues 

· Adoption of OTA sensitivity, Total Isotropic Sensitivity (TIS) or Equivalent Isotropic Sensitivity (EIS) as the formal name for the sensitivity requirement 

· Formulation of the sensitivity requirement as either a common implementation-neutral reference sensitivity (possibly based on BS class) or based on vendor declaration.

· The need or not for sensitivity requirements at directions not aligned with the antenna bore-sight.”
This contribution discusses some aspects of the OTA sensitivity, and addresses the four lower bullets in the WF while acknowledging the three upper ones where consensus has been found.

2 Discussion
The name of the OTA sensitivity requirement.

The figures of merit (FOM) describing the AAS system radiating properties and recently discussed include EIRP, TRP, EIRS, EIS, and TIS. Also the suggestion of using field strength at the antenna surface as the requirement has been on the table. It is suggested that the requirements set for AAS BS shall not directly reuse the FOM already used in the antenna industry, in order to avoid confusion. It is noted that the term OTA sensitivity is used for the requirement in many contributions (e.g. the WF [1]) Hence it is proposed here to name the requirements OTA sensitivity. (These requirements may then be declared in e.g. EIRP, EIS or TRP, but the used of the latter terms shall be according to their current use, rather than introducing new sense to the word.)

Rationale for OTA sensitivity requirement.

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.

· Form the base for OTA performance related requirements, corresponding to reference sensitivity in the legacy case (e.g. blocking performance, sensitivity to particular channels, etc.) in future specification work.
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.
Prediction for UL coverage

The currently used coverage prediction tools (and 3GPP simulations) use either directly measured antenna radiation patterns or assumptions about the antenna radiation patterns. In the case of AAS, this may remain, or a much more advanced model of the AAS BS may be used in the commercial coverage prediction tools. 

For the 3GPP simulations, it seems unlikely that the necessary detail of such models can be agreed. It is also unlikely that is good for the general development of this product type, since too detailed models may result in specifications that reduce the range AAS implementations to far less than what may be useful in the networks, for the benefit of operators and subscribers alike. It appears therefore reasonable to expect that antenna radiation patterns will need to be assumed. It is also likely that such assumptions should be linked to the specification requirements and to the declarations included there. Such assumptions may be fixed antenna patterns as used in the legacy simulations (and described in [2]), or it may be a looser description formula allowing a large set of beam shapes defined by parameters to be declared. To actually make use of the potential flexibility of  the AAS BS, the latter alternative would appear more useful. Hence a small set of declared parameters should be identified such that a variation of beam shapes can be assumed.
Link to legacy performance
Revisiting TR36.942 [2], the BS antenna used in the simulations is defined as having a 65 degree 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. The IES can be calculated as the reference sensitivity minus the antenna gain (which can be seen in figure 1).
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Figure 1 Schematic BS with reference sensitivity reference point and EIS reference point.

It can generally be assumed that there is no one point in the AAS BS corresponding to the reference sensitivity reference point. However, the antenna surface sensitivity can easily be defined as the EIS plus the antenna directivity [3]. Assessing this in the legacy BS simulations can be done using the beam widths in the model. However only the azimuth radiation pattern is given in [2]. There are a few formulas for estimating the antenna directivity from the vertical and horizontal beam width. One frequently quoted in discussions on large arrays is the R.S. Elliott formula, which rearranged for solving the elevation beam width is:

Equation 1.


θelevation  = 32400/(D * θazimuth)

(degrees)

Where θelevation  and θazimuth are the respective beam widths in elevation and azimuth planes, and D is the directivity

Substituting the directivity with the gain, using D= 15 dBi = 31.62 and θazimuth = 65 degrees the results in the elevation beam width of 16.3 degrees

Looking into the majority of general purpose base stations deployed, it can be found that the majority of antennas used, have an elevation beam width in the range 7 to 8 degrees. The relation between the actual beam width used for the gain, and the theoretical beam width from the estimation can be attributed to the loss in the antenna (and, of course, the error in the estimate). This relation is here approximately corresponding to  3.4 dB antenna and feeder loss (with reference to figure 1). It is clear that the estimation method is important to the result (e.g. another often quoted estimate, J.D. Kraus formula, suggests an antenna and feeder loss of 4.3 dB), and that the appropriate estimation for addressing the legacy simulations will require some further investigations in to the accuracy of the estimation methods for the used type of antennas. 

However, the objective is here to point out a relatively simple way to relate the legacy simulations to the AAS BS simulation results, where there is no access to the legacy reference sensitivity reference point. The exact relation can be further discussed, but the here presented method can in principle be used to define the surface sensitivity of the legacy BS, and hence facilitate comparison between results.

The surface sensitivity represents a de-embedded sensitivity that applies equally to all AAS BS (and with the above suggestion also to legacy BS.) therefore it is a good candidate for comparisons in different simulations.

The reference sensitivity is one fixed number requirement (per BS class) in the legacy system, but declared OTA sensitivity values (EIS or surface sensitivity) are possible to accommodate. This probably suggests a large range of OTA sensitivity simulations when determining specification requirements based on the OTA sensitivity, and the range to be simulated for the OTA sensitivity itself, will depend on the range for which declarations shall be made. This range is probably easier to distinguish using surface sensitivity, since EIS would make comparisons of similar numbers difficult, as they may represent different radiation patterns (beam shapes).
It has been found above that the feeder and antenna loss in the legacy system in the range of 3 to 4.5 dB. This figure is expected to be lower in an AAS BS due to the shorter cables expected in the AAS array. However, it is also clear the loss will not be negligible. A preliminary number, also taking into account the substantially higher loss components possible to use in a dense array, is 2 dB.
Base for OTA related performance requirements

The surface sensitivity may also be a good candidate for forming the base of performance requirements in future further OTA specifications. (While such requirements are currently outside the scope of the work item, it should not be precluded they will exist in the future. It would be suitable if the early defined (basic) requirements can be used as a base for further requirement development. (It should be noted that a direct linkage may be possible where far field impact is expected, whereas near field related effects would require different models.)
Formulation of the sensitivity 
In the above discussion it has been found that the OTA sensitivity simulations are less complex if a fixed level is assumed. It is also found that a common fixed level can be defined (through a relatively simple formula) as a surface sensitivity for a large range of beam shapes, hence providing comparison basis with both different AAS beam cases, and with legacy BS simulations. It is therefore proposed to be a fixed value of surface sensitivity. It is also found that the OTA sensitivity, if formulated as a surface sensitivity can be related to the legacy reference sensitivity, by a simple factor. It is here suggested that factor is suitably 2 dB.
The need or not for sensitivity requirements at directions not aligned with the antenna bore-sight

It is further found that the OTA sensitivity itself represents insufficient information itself for meaningful UL coverage prediction, or UL simulations in the framework of 3GPP. The related beam information is needed to make the sensitivity figure useful. Hence a small set of declared parameters should be identified such that a variation of beam shapes can be assumed. A minimum set would be the angular range of operation for the surface sensitivity. This could be used as an assumption of a single lobe with the elevation and azimuth beam widths of the azimuth and elevation angular range of operation, for calculating the EIS using a directivity estimate formula, similar to Kraus’ or Elliott’s, which is translated into an EIS value for testing. (The most appropriate formula is FFS.) The requirement would hence apply within the solid angle of operation (with appropriate adjustments). The calculated directivity shall be referred to as the assigned directivity.
Since the lobe shape is expected to differ from the assumed lobe shape, it is suggested not to refer to the assumed bore sight as “bore sight” but as the “No steering direction”. This direction would also be part of the minimum set of declarations necessary to address the AAS BS OTA sensitivity requirement. The term beam steering is referred to as the AAS capability of changing the beam pointing direction. The distinction between steering range and angular range of operation is explained in [3], but it is depicted in figure 2, where the extreme beam steering directions and the no steering direction are shown in green dashed lined from the DUT. The angular range of operation (for one extreme steering angle – max pan, min tilt) is shown in blue dashed lines. The elevation angular range of operation is shown in darker blue, and the azimuth angular range of operation is shown in the lighter blue dashed lines. An AAS without beam steering capability need thus only declare the no steering direction. (Since the beam width normally changes with tilting or panning, separate declarations for each extreme may be expected.)
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Figure 2. Schematic depicting an AAS (DUT) with steered beam nd the related angular range off operation for that steer direction.
3 Conclusion
The OTA sensitivity shall have the following properties:
1. The requirement name shall be “OTA sensitivity”.
2. The OTA sensitivity shall be defined by a minimum data throughput at a fixed antenna surface power throughput level.
3. The surface power throughput is defined by the fixed surface sensitivity specified in the requirement specification.

4. The surface sensitivity fixed level has a fixed relation to the reference sensitivity defined in TS36.104 and TS25.104. The OTA surface sensitivity is suggested t be 2 dB higher than the reference sensitivity requirement applied to legacy BS.

5. The beam direction, the beam elevation angular range of operation and the beam azimuth range of operation shall be declared by the manufacturer. Further beam steering directions and corresponding angular range of operation may be declared.

6. The OTA sensitivity requirement applies inside the angular range of operation declared for each beam and beam steering extreme.

7. The EIS requirement calculated for the conformance demonstration is defined by the fixed surface sensitivity and the assigned directivity, which is calculated from the angular range of operation.
8. The formula for calculation of the assigned directivity is FFS.

9. The OTA sensitivity shall be tested using the same fixed reference channels as those used for the corresponding beam carriers in TS25.104 and TS36.104.

10. The OTA sensitivity shall be tested at maximum transmitted total output power (This exact test condition remains to be defined.)
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