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---------------------------------- Modified section ----------------------------------
[bookmark: _Toc487119672]5.2.3	Antenna and beam forming pattern modelling
[bookmark: _Toc487119673]5.2.3.1	General
A general antenna model is a uniform rectangular panel array, comprising MgNg panels, as illustrated in Figure 5.2.3.1-1.
-	Mg is number of panels in a column
-	Ng is number of panels in a row
-	Antenna panels are uniformly spaced in the horizontal direction with a spacing of dg,H and in the vertical direction with a spacing of dg,V.
-	On each antenna panel, antenna elements are placed in the vertical and horizontal direction, where N is the number of columns, M is the number of antenna elements with the same polarization in each column.
-	Antenna numbering on the panel illustrated in Figure 5.2.3.1-1 assumes observation of the antenna array from the front (with x-axis pointing towards broad-side and increasing y-coordinate for increasing column number).
-	The antenna elements are uniformly spaced in the horizontal direction with a spacing of dH and in the vertical direction with a spacing of dV.
-	The antenna panel is either single polarized (P=1) or dual polarized (P=2).

The rectangular panel array antenna can be described by the following tuple .


Figure 5.2.3.1-1: General antenna model


For a uniformly distributed array (ULA) antenna, as shown in Figure 5.2.3.1-2, the radiation elements are placed uniformly along the vertical z-axis in the Cartesian coordinate system. The x-y plane constructs the horizontal plane. A signal acting at the array elements is in the direction of u. The elevation angle of the signal direction is denoted as (defined between 0° and 180°, 90° represents perpendicular angle to the array antenna aperture) and the azimuth angle is denoted as(defined between -180° and 180°).
[image: ]
Figure 5.2.3.1-2: Antenna Array Geometry
The linear phase progression based beamforming is assumed, as described in Table 5.2.3.1-1.
Table 5.2.3.1-1: Composite antenna pattern
	Parameter
	Values

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:





In this simulation, there is one beam formed using all the antenna elements. Each beam is directed to one scheduled UE.



Note the above gives the correct antenna array radiation pattern, however the correct gain is only achived if the element pattern  is selected for the exact element spacing. For other element spacings, the element pattern  must be separately calculated such that it is correct for the element spacing (dg,H and dg,V) . If  is not linked to the element spacing then the calculated absolute gain may diverge from the correct value in a manner that varies as the beam is steered.
The correct composite array radiation pattern directivity(D) is given by:

,
The composite array radiation pattern gain can then be calculated as:

								

Where L is the Loss ascotiated with the antenna. This is currently included in the estimate for element gain , and is 1.8dB.
---------------------------------- Next modified section ----------------------------------
[bookmark: _Toc487119705]5.5	Summary of co-existence study
This sub-clause captures the summary of the co-existence studies. Based on the simulation results captured in sub-clause 5.4, several observations are made as below. It should be noted that most of the co-existence studies in the SI phase are conducted for the ITU-R WP5D response and the ACLR/ACS parameters captured in this sub-clause are developed for the purpose of sharing and compatibility studies with other systems in ITU-R WP5D. These parameters are aimed at describing the expected behaviour we see of NR with present knowledge and should not be seen as an agreement of what the final NR parameters and characteristics will be.
For the mmWave frequency range, ACLR/ACS values are determined taking into account both ACIR values to meet the 5% throughput loss criteria and feasibility analyses of ACLR/ACS in the mmWave frequency range.
For uplink, the interpolated ACIR values to meet the 5% throughput loss criteria derived by using linear interpolation are summarized in Table 5.5-1, Table 5.5-2, and Table 5.5-3 at 30GHz, 45GHz, and 70GHz, respectively. In order to determine ACLR/ACS values, average ACIR values in the worst case across all the scenarios for each frequency range are considered, which are summarized in Table 5.5-4. Based on the ACIR values in Table 5.5-4 and considering the feasibility analyses of UE ACLR, UE ACLR values are determined as captured in Table 5.5-5. Given the ACIR values in Table 5.5-4 and the UE ACLR values in Table 5.5-5, BS ACS values need to satisfy ≥ 19.9dB at 30GHz, ≥ 20.6dB at 45GHz, ≥ 20.0dB at 70GHz. With this condition, considering the feasibility analyses, the BS ACS values are determined for WP5D as captured in Table 5.5-6.
For downlink, the interpolated ACIR values to meet the 5% throughput loss criteria derived by using linear interpolation are summarized in Table 5.5-7, Table 5.5-8, and Table 5.5-9 at 30GHz, 45GHz, and 70GHz, respectively. To determine the ACIR values from companies’ results, two options were discussed.
1)	Average the ACIR values across all the companies for each scenario and frequency, and then consider the maximum ACIR value across all scenarios for each frequency range.
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89]2)	Consider the maximum ACIR value from each company across all scenarios for each frequency range, andthen average the ACIR values across all the companies for each frequency range,
UE ACS values and BS ACLR values are determined in the similar way as it is done for UL. Table 5.5-10 and Table 5.5-11 capture the the UE ACS values and BS ACLR values determined for WP5D, respectively.
It should be noted that the model of the antenna composite radiation pattern described in sub-clause 5.2.3.1 if used without correct normalisation for antenna gain may diverge somewhat from the physically correct value.  It has been shown that this divergence would anyhow not significantly affect the results in sub-clause 5.4 and has or on the conclusions for ACIR captured in this section, however care should be taken to use the normalization if the model document in this TR is applied for any other array types in the future.
---------------------------------- End of modified section ----------------------------------
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