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Background
The requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was further discussed in RAN4#107, and a WF agreed in [1]. The UE only needs to meet the requirement for one AoA offset. However, how the AoA offset, and the percentage coverage should be set for the core requirement have not been defined. This contribution further analyzes the multi-Rx chain DL reception requirement and provides simulation results for potential core requirement discussion.  

1. [bookmark: _Hlk8895418]Simulation Setup
The simulation setup based on agreed simulation assumptions has been presented in this section:
0. Antenna and packaging assumption:
In this paper, four UE implementations have been considered, which are shown in Fig. 1. UE1 and UE4 have panels that are orthogonal to each other, but the back panels are scanning over different planes between those two implementations. UE2 has the two panels are back-to-back, while UE3 has the two panels on the same side of the devices. Each antenna panel supports two orthogonal polarizations. 
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Figure 1. Reference UE implementation to derive the minimum requirement for two AoAs reception.
0. Polarizations
The results presented in this paper is based on the average performance of the antenna port with two orthogonal polarizations. For each antenna port, both θ and φ components are included in the simulations. 
0. 2TRP UE behavior assumptions
In the simulation results presented in this paper, the following approach has been adopted:
1. Assume one of the two TRPs is anchor TRP, and it will be connected to the UE first. The UE will choose the beam with the highest RSRP among the two panels to connect to this TRP. 
2. Then, the UE will connect to the second TRP with the beam with the highest RSRP from the panel that is NOT connected to the first TRP.
0. DL power and UE spherical coverage calibration
The DL power adopted for all simulation results presented in this paper is the same as the single AoA spherical coverage level for 100 MHz BW at 28 GHz, which is -74.4 dBm.
Two calibration schemes have been considered in this paper to calibrate the losses in the RF chain. As DL power, antenna gain, and RF chain loss will be added together in the logarithm domain when calculate the DL baseband SNR, calibrate the RF chain loss to the calibration in the DL power.
1. Calibration according to spherical coverage point (50% EIS).  the DL baseband SNR on 50% is -1 dB with -74.4 dBm DL power (spherical coverage EIS for 100 MHz BW at 28 GHz).
2. Calibration according to the peak point (REFSENS).  the DL baseband SNR on 100% is -1 dB with -85.3 dBm DL power (REFSENS for 100 MHz BW at 28 GHz).
The calibrated DL baseband SNR is plotted in Fig. 2 under the same DL power -74.4 dBm DL power (spherical coverage EIS for 100 MHz BW at 28 GHz).
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(a)                                                                                           (b)
Figure 2. DL baseband SNR calibrated with (a) spherical coverage point and (b) REFSENS point under -74.4 dBm DL power.
A single-point calibration at a spherical coverage point may sufficiently represent the worst-case scenario in terms of UE performance since the top part of the CDF curve does not strongly impact the percentage of “go” or “no-go.” However, the calibration at the REFSENS point may better represent the UE performance in real life as some margin in spherical coverage can be obtained. 
Observation 1: A single point calibration at the spherical coverage point may sufficiently represent the worst-case scenario in terms of UE performance since the top part of the CDF curve does not substantially impact the percentage of “go” or “no-go”.
Observation 2: The calibration at the REFSENS point may better represent the UE performance in real life as some margin in spherical coverage can be obtained. 
0. The initial position of UE
The simulation setup for the device rotation and initial positions are shown illustrated in Fig. 2. The three orientations are based on the ‘Alignment Options’ in Annex J (J.2) of 38.101-2, wherein P1 the screen of the device faces towards +z (Alignment Option 1), in P2 the short edge face towards +z (Alignment Option 2) and in P3 the long edge face towards +z (Alignment Option 3). 
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                           position 1                                                                         position 2                                                                    position 3
Figure 2. The simulation setup for UE rotation, UE P0 positions, and TRP locations. 
In the results presented in this paper, the best result among three UE orientations for each AoA offset is presented based on the WF [1]. 
1. Simulation results
1. Simulation results with calibration to spherical coverage EIS
The simulation results when all UEs are calibrated to the spherical coverage point are plotted in Fig. 3, where both “no combination” and “or combination” have been considered. For each AoA offset for each UE, only the best results among the three orientations are presented. 
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(a)
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(b)
Figure 3. The coverage percentage vs. the AoA offsets for (a) no combination and (b) or combination when UEs are calibrated at spherical coverage point. 
A couple of observations:
1. It can be observed that a cross point around 90° AoA offset among all the UEs can be observed in both Fig. 3(a) and Fig. 3(b). Therefore, it can be understood that all UE implementations can achieve a similar performance around such an AoA offset. 
2. The coverage percentage for “or combination” is almost double compared to the “no combination,” which indicates that some failed test points are hidden due to the combination method. In addition, it can also be observed that the “or combination” shows different trends at some AoA offsets, which places a question mark on the physical meaning of such a combination method.
Observation 3:  all UE implementations can achieve a similar performance around 90° AoA offset.
The 90-degree offset appears implementation agnostic, at least for the panel configurations considered, while still representing a deployment case with wider separation of the AoA.
Observation 4:  the “or combination” method hides failed test points and has no clear physical meaning. 
The values in Fig. 3 are also summarized in Table I and Table II for “no combination” and “or combination,” respectively.  
Table. I coverage percentage for “NO combination” when UEs are calibrated at spherical coverage point.
	
	30°
	60°
	90°
	120°
	150°
	180°

	UE1 (orthogonal 1)
	5.80%
	11.60%
	16.59%
	16.00%
	14.57%
	13.58%

	UE2 (back-to-back)
	0.74%
	3.79%
	12.72%
	24.82%
	33.01%
	38.09%

	UE3 (same side)
	26.85%
	21.57%
	17.61%
	16.02%
	17.60%
	18.64%

	UE4 (orthogonal 2)
	9.47%
	11.43%
	16.22%
	19.03%
	23.32%
	24.35%



Table. II coverage percentage for “OR combination” when UEs are calibrated at spherical coverage point.
	
	30°
	60°
	90°
	120°
	150°
	180°

	UE1 (orthogonal 1)
	11.56%
	23.15%
	33.04%
	31.98%
	26.97%
	13.58%

	UE2 (back-to-back)
	1.49%
	7.58%
	24.93%
	47.12%
	47.06%
	38.10%

	UE3 (same side)
	41.51%
	37.14%
	32.05%
	29.53%
	27.15%
	18.64%

	UE4 (orthogonal 2)
	16.31%
	22.15%
	32.40%
	32.91%
	33.73%
	24.35%



1. Simulation results with calibration to REFSENS
The simulation results when all UEs are calibrated to the REFSENS point are plotted in Fig. 4, where both “no combination” and “or combination” have been considered. Same as above, for each AoA offset for each UE, only the best results among the three orientations are presented. 
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Figure 4. The coverage percentage vs. the AoA offsets for (a) no combination and (b) or combination when UEs are calibrated at REFSENS points.
Better spherical coverage can be achieved when the UEs are calibrated towards the REFSENS point, which represents the actual UE implementation more accurately. A better coverage percentage can be observed in Fig. 4, especially for the back-to-back implementation. The values in Fig. 4 are also summarized in Tables III and IV. 

Table. III coverage percentage for “NO combination” when UEs are calibrated at REFSENS.
	
	30°
	60°
	90°
	120°
	150°
	180°

	UE1 (orthogonal 1)
	15.28%
	24.64%
	31.73%
	33.26%
	31.01%
	30.12%

	UE2 (back-to-back)
	31.95%
	44.37%
	55.21%
	63.03%
	68.3%
	72.01%

	UE3 (same side)
	37.27%
	35.23%
	31.36%
	29.79%
	29.75%
	31.70%

	UE4 (orthogonal 2)
	15.56%
	21.85%
	27.17%
	32.38%
	37.99%
	41.05%



Table. IV coverage percentage for “OR combination” when UEs are calibrated at REFSENS.
	
	30°
	60°
	90°
	120°
	150°
	180°

	UE1 (orthogonal 1)
	28.40%
	44.58%
	54.36%
	55.98%
	47.32%
	30.12%

	UE2 (back-to-back)
	54.66%
	71.28%
	72.41%
	79.55%
	79.01%
	72.01%

	UE3 (same side)
	49.91%
	53.06%
	44.46%
	44.72%
	44.58%
	31.700%

	UE4 (orthogonal 2)
	26.23%
	39.96%
	49.28%
	52.55%
	51.47%
	41.05%



1. Core requirement 
2. AoA Offset
It was agreed in the last RAN4 meeting that only a single AoA offset will be tested, but how to define such an AoA offset has not been concluded. Fixed AoA offsets allow verification of UE performance for different cases in the field without relying on directions preferred by the vendor and comparison between different UE implementations for a given scenario. Therefore, setting a uniform test environment for all UEs is critical. Based on this aspect, the AoA offsets should be defined in specification rather than UE declaration. 
Observation 5: The core requirement shall ensure a common minimum performance that all UEs must meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs.
Proposal 1: The AoA offsets should be defined in specification rather than UE declaration.
As observed above, similar performance can be observed for different UE implementations at 90° offset, making it feasible to be used as a common benchmark value to define a common minimum requirement.
In addition, from the network perspective, a 90° offset can be seen as a mean value for all real-life AoA offsets (0° -180°). Therefore, defining the minimum requirement at 90° offset can also somewhat represent the average performance in real life and appears somewhat implementation agnostic as observed in the simulations and therefore feasible for many antenna-panel implementations.  
Observation 6: It is feasible to define a common minimum requirement at 90° offset for different UE implementations. In addition, from the network perspective, 90° offset can be seen as a mean value for all real-life AoA offsets (0°-180°) and feasible for several antenna-panel configurations. Therefore, defining the minimum requirement at 90° offset can also somewhat represent the average performance in real life. 
Proposal 2: It is proposed to define the minimum requirement at 90° AoA offsets.
2. Data combination
As observed above, the “or combination” will hide the failed test results without any clear physical meaning. Therefore, it is proposed not to adopt any logic combination.  
Proposal 3: It is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
2. Coverage percentage
With having discussed the above and based on our simulated results that have been calibrated against the spherical coverage point in Fig. 3(a), we propose to set the spatial coverage requirement for multi-Rx chain DL reception in FR2 as 15% at 90° AoA offset.
Proposal 4: defining the core requirement as 15% for 90° AoA offset. 
1. Conclusion
In this contribution, we make the following observations and conclusions:
Observation 1: A single point calibration at the spherical coverage point may sufficiently represent the worst-case scenario in terms of UE performance since the top part of the CDF curve does not substantially impact the percentage of “go” or “no-go”.
Observation 2: The calibration at the REFSENS point may better represent the UE performance in real life as some margin in spherical coverage can be obtained. 
Observation 3:  all UE implementations can achieve a similar performance around 90° AoA offset.
Observation 4:  the “or combination” method hides failed test points and has no clear physical meaning. 
Observation 5: The core requirement shall ensure a common minimum performance that all UEs must meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs.
Observation 6: It is feasible to define a common minimum requirement at 90° offset for different UE implementations. In addition, from the network perspective, 90° offset can be seen as a mean value for all real-life AoA offsets (0°-180°) and feasible for several antenna-panel configurations. Therefore, defining the minimum requirement at 90° offset can also somewhat represent the average performance in real life. 
Proposal 1: The AoA offsets should be defined in specification rather than UE declaration.
Proposal 2: It is proposed to define the minimum requirement at 90° AoA offsets.
Proposal 3: It is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
Proposal 4: defining the core requirement as 15% for 90° AoA offset. 
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