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1 Introduction
In RAN#100, a new TR to capture FR2 multi-Rx RF requirement related discussion was agreed and the TR number is allocated as TR 38.751. Thereafter, TR skeleton and TP assignment was shared among companies to divide the workload of TP writing.
This contribution is to provide the TP on TR 38.751 to record the discussion points in Section 6.3.2 of TR 38.751 on inter-beam interference in the context of 2AoA reception.
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[bookmark: _Toc140756452]6.3	Requirement design 
[bookmark: _Toc140756454]6.3.2	Inter-beam interference
The inter-beam interference is one of the major impacts to the simulation results of the spherical coverage. The interference significantly affects the signal-to-interference-and-noise ratio (SINR) and therefore, the term “SINR” is preferred in the Multi-Rx work item.
As the signals transmitted from 2 TRPs will propagate through the unguided wireless medium and will reach at both of the UE antenna panels, an inter-beam interference will be observed at each UE antenna panel which will subsequently degrade the UE RF performance. The signal-to-interference ratio (SIR) is chosen as a performance metric to study the interference effect of AoA2 on AoA1 and vice-versa. Figure 6.3.2-1 demonstrates that the signal (S2) transmitted from TRP2 causes interference to the signal received on the Boresight beam of UE panel receiving the signal (S1) transmitted from TRP1.
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Figure 6.3.2-1: UE beam radiation pattern example for wanted signal from AoA1 and interference from AoA2
In the following, the structure of the UE with 3 antenna arrays used in the simulation will be first introduced. Then, the SIR simulation results based on the ideal UE and realistic UE will be presented.
It has been assumed that the UE is equipped with three antenna arrays/modules/panels (each on its top, left and right surfaces) where each antenna array can steer the beam in seven different directions as shown in Figure 6.3.2-2, totally of 21 beams arranged in three groups, namely:
1. Beam set for Antenna Array #1 (7 beams shown in variation of blue color)
1. Beam set for Antenna Array #2 (7 beams shown in variation of green color)
1. Beam set for Antenna Array #3 (7 beams shown in variation of red color)



Figure 6.3.2-2: FR2 UE with 3 antenna panels with 7 beams for each panel
The description of 7 beams selected from any beam set (group) is provided in Table 6.3.2-1.
	Beam Index
	Description

	Beam 1
	-45o with respect to Boresight Beam

	Beam 2
	-30o with respect to Boresight Beam

	Beam 3
	-15o with respect to Boresight Beam

	Beam 4
	Boresight Beam

	Beam 5
	+15o with respect to Boresight Beam

	Beam 6
	+30o with respect to Boresight Beam

	Beam 7
	+45o with respect to Boresight Beam


Table 6.3.2-1: Beam index and description for a UE antenna panel
For Antenna Arrays #2 (right side UE antenna panel), clockwise direction from Boresight beam is assumed to be negative angle and counter-clockwise direction is taken as positive angle, whereas for Antenna Array #1 (top side UE antenna panel) and #3 (left side UE antenna panel), clockwise direction from Boresight beam is assumed to be positive angle and counter-clockwise direction is taken as negative angle.
6.3.2.1	Standalone antenna array configuration (Ideal Case)
Figure 6.3.2.1-1 shows the standalone antenna array configuration with 1x4 UE antenna arrays and angular range over which each one of the 21 beams (7 beams on each of the three antenna modules) is dominant and has the highest RSRP over the other beams.
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Figure 6.3.2.1-1: (a) Standalone antenna array configuration, (b) Angular range for dominant beams
Figure 6.3.2.1-2 demonstrates that the signal (S2) transmitted from TRP2 causes interference to the signal received on the Boresight beam of Antenna Array #1 which is used to receive the single polarized signal (S1) transmitted from TRP1. 
   [image: ]
Figure 6.3.2.1-2: UE beam radiation pattern for AoA1 and interference from AoA2
S1 and S2 are, respectively, the signals transmitted from TRP1 and TRP2, h11 and h12 are the corresponding path gain/loss, and P_h11 and P_h12 are the corresponding powers of the desired and interference signals. If the AoA1 and AoA2 has an angular separation of 90o and the beam radiation pattern of each UE panel is as shown in Figure 6.3.2.1-2, then ‘Green Circle’ and ‘Red Circle’ on the beam radiation pattern of each UE panel denote the received power/antenna gain of the wanted and interference signals for AoA1, and subsequently the SIR can be defined as the ratio of the antenna gain values corresponding to the ‘Green Circle’ to that of the ‘Red Circle’. In this case, signal transmitted from TRP2 is also received on the side lobe of the dominant beam of AoA1 which creates the interference. In general, this interference power/gain depends on the AoA separation and beam radiation pattern of each UE panel.
Next, the CCDF plot of SIR of AoA1 is presented for the case when Array #1’s Boresight beam is used for the reception of the wanted signal from TRP1, whereas one of the 14 beams of Array #2/Array #3 is used for the reception of the wanted signal from AoA2 which subsequently will become the interference for AoA1’s signal.
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Figure 6.3.2.1-3: CCDF of AoA1’s SIR
To evaluate the CCDF, the antenna radiation pattern with 1o resolution in azimuth and elevation domain is used resulting in a total of 65160 constant step size grid points. Thereafter, a uniformly distributed reference grid with 2500 sample points is defined and the 2500 points out of the 65160 points (on the constant step size grid) which are closest to the 2500 points on the uniformly distributed reference grid are selected. These selected points are then sorted in a descending order and are plotted as the CCDF curves. 
In the CCDF curve of Figure 6.3.2.1-3, the legend ‘Array x-Beam y’ where  and  can be interpreted as described in Figure 6.3.2-2 and Table 6.3.2-1. Figure 6.3.2.1-3 shows the CCDF of SIR of AoA1 for the case when the antenna panels are configured in a standalone fashion as shown in Figure 6.3.2.1-1(a) and each one of the 14 beams of Array#2 and Array#3 creates different amount of interference to the signal received at ‘Array 1-Beam 4’, resulting in different CCDF curves in Figure 6.3.2.1-3. The SIR in these figures is normalized to the maximum antenna gain values of the primary beam selected for AoA1. As such, the displayed results are best case results and can be 2 to 3 dB worse depending on the power ripple in the total combined power envelope of the configural beams (codebook) of the antenna array.
From Figure 6.3.2.1-3, the SIR values corresponding to the 50th percentile of the CCDF curves is shown in Table 6.3.2.1-1 where it is worth noting that the interference from the TRP2 signals arriving from the AoA2 direction becomes significant when the angular separation between AoA1 and AoA2 is low.
	Beam Index (Array 2/Array 3)
	SIR at 50-percentile of CCDF (dB)

	Beam 7
	10

	Beam 6
	17

	Beam 5
	21

	Beam 4
	24

	Beam 3
	24

	Beam 2
	26

	Beam 1
	26


Table 6.3.2.1-1: SIR at 50-percentile of CCDF of Figure 4
6.3.2.2	Realistic formfactor smart-phone (Practical Case)
In this section, simulation results for realistic formfactor smart-phone UE are presented. The electromagnetic simulations of a realistic smartphone Mechanical Computer Aided Design (M-CAD) assumes that front and rear surfaces of the smartphone are made up of glass, chassis is metallic and frame is made up of plastic (see Figure 6.3.2.2-1 and Table 6.3.2.2-1 below for more details). Furthermore, the UE is assumed to have one antenna array/module/panel on each of its left, top, and right surfaces; each antenna module is a standalone uniform linear array of four single polarized antenna elements placed half a wavelength apart from each other.
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Figure 6.3.2.2-1: Details of a realistic smartphone M-CAD
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Table 6.3.2.2-1: Material parameters for electromagnetic simulations
Figure 6.3.2.2-2 shows the angular range over which each one of the 21 beams of a realistic formfactor smart-phone UE is dominant.
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Figure 6.3.2.2-2: Angular range for dominant beams of a realistic formfactor smart-phone UE
Similar to Section 6.3.2.1, the assumption is that the boresight beam of Antenna Array #1 is the dominant beam used for receiving the signals from AoA1 whereas the AoA2’s dominant beam must be selected from the remaining 14 beams of Antenna Array #2 and #3. 
Next, the plot of CCDF of SIR of AoA1 for a realistic formfactor smart-phone UE is presented.
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Figure 6.3.2.2-3: CCDF of AoA1’s SIR for a realistic formfactor smart-phone UE
In Figure 6.3.2.2-3, it is observed that due to the change of the beam shapes caused by the surrounding components in the real mobile phone, the difference of CCDF of SIR become less compared with those based on the analysis of the ideal beams in Figure 6.3.2.1-3. However, it is again observed that the performance of Array 2-Beam 7 and Array 3-Beam 7 is worst compared to the other 12 beams of Array 2 and Array 3 as the CCDF curves for these two beams is relatively located in the leftmost region. Furthermore, the SIRs corresponding to ‘Array 2-Beam 5’/‘Array 3-Beam 5’ and ‘Array 2-Beam 6’/‘Array 3-Beam 6’ are higher compared with that of ‘Array 2-Beam 7’/‘Array 3-Beam 7’. This is aligned with the previous results that the SIR increases as the angular separation between AoAs increases.
The SIR values corresponding to the 50th percentile of the CCDF curves of Figure 6.3.2.2-3 is shown in Table 6.3.2.2-2.
	Beam Index (Array 2/Array 3)
	SIR at 50-percentile of CCDF (dB)

	Beam 7
	13

	Beam 6
	15.5

	Beam 5
	16

	Beam 4
	17.5

	Beam 3
	17.5

	Beam 2
	18

	Beam 1
	16


Table 6.3.2.2-2: SIR at 50-percentile of CCDF of Figure 9
It is observed from Table 6.3.2.1-1 and Table 6.3.2.2-2 that there is a significant difference (up to 16 dB in the ideal case and up to 5 dB in the practical case) between the SIR at 50-percentile of CCDF (dB) for different AoA offset scenarios. One RF requirement is not suitable to be used for all the AoA offsets, otherwise the requirement will be too relaxed at one offset or too stringent at another offset.
The spherical coverage is worse if the AoA offset is small and spherical coverage becomes better if the AoA offset is larger which share the same trends. However, in Figure 6.3.2.2-3, it is observed that the plots corresponding to ‘Array 2-Beam 1’ and ‘Array 3-Beam 1’ (shown in brown colour) lies in the middle of all plots and not at the rightmost side. This shows that the Beam with largest AoA separation might not be the best beam in all the cases. The intuitive reasoning behind this is that depending on the beam pattern, the gain of the side lobe of the beam receiving signals from AoA2 might be large or small in the direction of AoA1 which is illustrated in the Figure 6.3.2-1.
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CCDF of the Signal to Interference Level Between a Dominant Beam (DB) and 14 other Beams on other panels,
for the Angular Domain (5.2 %) where that DB has the highest gain value
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