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1 Introduction 
The NR OTA channel model simplification discussion in the Testability SI ([1]) has started. Part of this discussion is the antenna radiation pattern in propagation modelling. The channel model WF ([2]) from the Berlin meeting states “how to apply Tx antenna pattern to 38.901 is FFS”. The mentioned “Tx antenna pattern” is here understood to be the Tx antenna radiation pattern. In this contribution ‘antenna pattern’ means the radiation pattern of an antenna array. This contribution summarizes the method how the state–of–the–art way of work for geometric–based stochastic channel models (GSCM) — the stochastic model in 38.901 is also a GSCM — the antenna radiation pattern is included in the channel transfer function. The contribution does not present a new method but the method is well–established and widely used and directly taken from [3]. This contribution only adds textual description to the mathematical formula from [3]. All text sections or simulation results are to support the mathematical formulation, which is the definitive part of the contribution.   
2 Procedure

The principles for the mathematical formulations presented later can be described as follows:

An arbitrary antenna radiation pattern can be embedded in propagation channel parameters in geometric channel models to compose the channel transfer matrix H(t) (channel impulse response (CIR) or channel frequency response (CFR)). The channel model specifies several clusters each having a set of sub-paths (rays or multipath–path components (MPC)) within. Finally, the overall propagation channel is defined by sub-paths (rays) each having specific gain, arrival, and departure directions, initial phases, and cross polarization power ratio (XPR). The radiation pattern is weighting the sub-paths depending on their direction, i.e. the radiation pattern has specific gains to different directions. 
An antenna array consisting of multiple antenna elements can form a radiation pattern with different gains to different directions. Because of that some of the sub-paths will be intensified and some will be made weaker. The beamforming, which is possible in an array exciting the antenna elements varying, for example, the phase and amplitude of the signal fed to the element (or group of elements), is just to illuminate the sub-paths differently. The filtering effect by the beamforming (discussed already several times in the testability contributions, see e.g. [4]) is a consequence of that physical property. If the channel condition changes and the sub-path used gets weaker, then the  BS and UE search for better path and as a result the beam used may change. In mathematical formulation, the propagation channel is re–calculated with the new antenna radiation pattern information. 
In [3] eq. (7.5-28) specifies the formula of embedding Tx and Rx antenna characteristics to the propagation channel parameters. The channel coefficient from Tx antenna element s to Rx antenna element u via nth cluster and its mth sub-path is
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(7.5-28)
where the symbols are as defined in [3]. To keep the presentation short the symbols are not otherwise explained here but the antenna radiation pattern terms that are of special interest in this contribution; they are those starting with F. The term 
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 means the field pattern for the transmitter antenna, element s and zenith angle ( of the spherical co-ordinates. Similarly, for the sub index rx. Note, however, that in the OTA testing the RX is the UE under test (DUT) and, therefore, the RX antenna pattern is dropped from the propagation channel formulation. The formula 7.5-28 is for NLOS case. Similar formulation (7.5-29) is valid for LOS case, too. 

Proposal: Procedure to include the BS antenna array pattern into the propagation channel model is taken from TR 38.901. 
3 Simulation Results on TX Antenna Pattern Inclusion
This section is targeted to show with an example the effect of the radiation pattern inclusion. It should increase the understanding of the well–known formula shown in section 2. The simulation results are not definitive in the sense that this geometry for the antenna array or this channel model should be used. Another important note is to see that no simplifications to TR 38.901 model is used. This non–simplified model does not indicate that no simplification is proposed. The model selection as well the simplification method and the level of the simplification is discussed in different contributions. 
The first figure below shows the 8x8 uniform rectangular antenna array radiation pattern. It is assumed all 64 elements are combined by a beamformer and fed by a single RF port. Unity weights are used for all elements. Therefore, the yellow colour indicating the strongest beam is in the centre, azimuth angle = elevation angle = 0(, i.e. it is the boresight view. The absolute value of the gain, which is indicated by colour coding in dB scale, is not important for the example. The figure format here is 2D plot. The reader may wonder about the blue horizontal lines; they are nulls in the pattern. If 3D format were used these nulls would be more easily understood but for the clarity of the next figures the 2D format is used throughout the section. 
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Figure 1. 8x8 array radiation pattern. Boresight view. Unity weighting, i.e. the main lobe is in the centre. 

Next is presented the channel based on the CDL B model from [3], p. 65. No changes to the model are done. Every point presents a sub–path; the model contains 23 clusters and 20 sub–paths per cluster. The figure just presents how the CDL B model is “spread in the space”. 
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Figure 2. TR 38.901 CDL B model, no simplifications. All 23 x 20 rays visible. 

Next step is to include the radiation pattern from Figure 1. The locations of the points on the chart are the same as in Figure 2 because the antenna does not change the channel model but only makes stronger or weaker the paths depending on the gain of the antenna on the paths’ directions. 
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Figure 3. Same as Figure 2 but now TX pattern from Figure 1 is applied. 

The same information is yet plotted in a different way. Now the vertical axis is changed to be (relative) power and horizontal axis is AoD (i.e. marginal AoD power distribution). It’s very clearly seen how the power through a path changes because of the antenna. Where the beam is strong the increment in power is high, where the nulls are, the power is small. This way the filtering effect works. 
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Figure 4. Comparison of gains with (red) and without (blues) BS antenna effect as the function of azimuth angle. Part of the rays are weaker, part of the rays are stronger when the TX pattern is applied. 
4 Conclusion
It is proposed that the BS antenna characteristics are specified for the channel model in the level of details of eq. (7.5-28) in [3]. It is array geometry and per element radiation patterns in both ( and ( polarizations. The BS antenna can be, e.g., as specified in section 7.3 of [3].
Proposal: Procedure to include the BS antenna array pattern into the propagation channel model is taken from TR 38.901. 
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