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Background
The requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was further discussed in RAN4#108bis, and a WF agreed in [1]. The following agreement has been made for the data process method on companies' input:
1. There are 9 starting UE orientation options per annex J of TS38.101-2 for multiRX. 
1. Companies are encouraged to consider realistic packaging including metal and plastic housings, as well as H and V imbalance.
1. Three types of reference UE implementation (two panels on the same side, two panels on the adjacent side and two panels on the opposite side) will be used to determine the core requirement:
0. If the AoA offset would be declared by UE 
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	same
	same
	adjacent
	opposite
	opposite







0. If the AoA offset would be specified in the standard.
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	Min (same, adjacent, opposite)
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )






 

In addition, the issues for combining methods, AoA offsets, and additional RF impairment are still to be further discussed. In this contribution, we further analyze the remaining multi-Rx chain DL reception requirement issues and further discuss our simulation results to derive the proper core requirement.  

1. [bookmark: _Hlk8895418]Remaining issues on the core requirements framework
0. AoA Offset 
0. AoA offset specified in the standard.
It has been agreed in the RAN4 meeting#108 that only a single AoA offset will 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 comparing 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 the specification rather than in the UE declaration. 
Observation 1: The core requirement shall ensure a common minimum performance that all UEs must meet and distinguish good UE implementations from bad ones. Therefore, setting a uniform test environment for all UEs is critical.
From the perspective of ensuring the UE minimum performance in real life, 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.
Observation 2: From the perspective of ensuring the UE minimum performance in real life, 90° offset can be seen as a mean value for all real-life AoA offsets (0°-180°), and defining the minimum requirement at 90° offset can also somewhat represent the average performance in real life. 
From the UE implementation perspective, it can be understood that different panel placements have different performances with different AoA offsets. However, as agreed in the last RAN4 meeting, the requirement would be derived based on the minimum value among all three reference UE implementations, and thus, it will not bar any UE implementation from being used. Moreover, it has been observed in our simulations [2] that all UE implementations reach a similar performance at 90° AoA offset, which indicates that it is feasible to use this AoA offset to set a requirement that is UE implementation agnostic. 
Observation 3: Using 90° AoA offset to set a core requirement can also ensure the RF requirement is UE implementation agnostic and does not preclude any UE implementations. 
Proposal 1: The AoA offsets should be defined in the specification, and 90° can be used.
0. AoA offset declared by UE
On the other hand, if AoA is declared by UEs, we will only test the "best" performance that UE can achieve under a favorable propagation condition rather than the minimum performance under a representative propagation scenario. Therefore, defining core requirements in such a manner cannot guarantee UE performance in real life under varied propagation scenarios. In addition, it can be observed from the agreed WF [1] that the requirement for each AoA offset is tightly connected to specific UE implementations, which is against the UE implementation agnostic principle. Therefore, if RAN4 eventually agrees to define the core requirement based on AoA declaration, it is critical that RAN4 strive to define the value with a high bar based on the reasonable assumptions of the UE performance without further diluting the core requirement. That UEs can only meet a requirement with a single declared AoA suggests that the feature may not be feasible for handhelds to operate in the field properly. 
Observation 4: If the AoA offset is declared by UE, only the performance under a favorable propagation condition can be tested, instead of under a representative propagation scenario as defined in the specification. That UEs can only meet a requirement with a single declared AoA suggests that the feature may not be feasible for handhelds to operate in the field properly.
Observation 5: If the AoA offset is declared by UE, the core requirements will be tightly connected to specific UE implementation, which is not UE implementation agnostic anymore. 
Observation 6: Benchmarking is challenging without a specified offset, then the requirement at the declared AoA offset would have to be very tight.
Proposal 2: If RAN4 eventually agrees to define the AoA offset based on the UE declaration, it is critical that RAN4 strive to define the value with a high bar without further diluting the core requirement since the UE performance will be only tested under a favorable propagation condition. 
0. Data combination
The data combination is another issue that has been discussed over multiple meetings. It is easy to understand that the "or combination" will hide the failed test results. Moreover, it can be observed from companies' input in RAN4#108bis [3] that "or" combination alters the data trend vs. AoA offsets. Therefore, the "or" combination results do not show sufficient physical meaning, and it is proposed that such a logical combination is not adopted.  
Observation 7: The "or combination" hides the failed test results and alters the trend of results, implying that the results with such a data combination method do not provide sufficient physical meaning. 
Proposal 3: It is proposed not to perform any "logic combination" on the data from +offset and -offset but to treat them as two test points.
1. Simulation results
1. UE performance calibration
All the UE models used in the contribution are calibrated with two schemes: 1. Calibration according to spherical coverage point (50% EIS) and 2. Calibration is according to the peak point (REFSENS). 
The calibrated DL baseband SNR is plotted in Fig. 1 under the same DL power -74.4 dBm DL power (spherical coverage EIS for 100 MHz BW at 28 GHz).
[image: ]
(a)                                                                                                                 (b)
Figure 1. 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 represents 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 better represents the UE performance in real life as some margin in spherical coverage can be obtained. 
Observation 8: 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 9: The calibration at the REFSENS point may better represent the UE performance in real life as some margin in spherical coverage can be obtained. 
The impact of polarization imbalance has also been discussed in past meetings. However, based on our observation, the impact of polarization is not monostatic after the UE is calibrated, e.g., it may both decrease or increase the performance. In our understanding, the only factor after the UE calibration that affects the coverage percentage is the radiation pattern, and the polarization imbalance is another way of influencing it. Therefore, the averaged performance between the two polarizations is used in the simulated results of the paper. 
Observation 10: The impact of polarization imbalance affects the shape of the radiation pattern after the calibration, which does not necessarily lead to a poorer performance of spatial coverage. 
Considering a very conservative UE performance has been assumed by calibrating the spherical coverage results with respect to the 50% EIS minimum requirement, the performance margin is sufficiently large to cover all the possible RF impairments in real life, and there is no need to consider any additional impairments explicitly on top of the agreed calibration scheme. 
Observation 11: Since very conservative UE performance has been assumed by calibrating the simulation model to the 50% EIS, it is sufficient to cover all the possible RF impairment, and no additional impairment is needed to add on top of the calibration. 
Proposal  4: The calibration scheme can ensure sufficient margin, and there is no need to explicitly include additional RF impairment on top of the calibration scheme. 
1. Simulation results with calibration to spherical coverage EIS
When all UEs are calibrated to the spherical coverage point, the simulation results are plotted in Fig. 2, 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. 
[image: ][image: ]
(a)                                                                         (b)
Figure 2. The coverage percentage vs. the AoA offsets for (a) no combination and (b) or combination when UEs are calibrated at spherical coverage point. 
The values in Fig. 2 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
When all UEs are calibrated to the REFSENS point, the simulation results are plotted in Fig. 3, 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. 
[image: ][image: ]
(a)                                                                                                           (b)
Figure 3. 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 significantly better coverage percentage can be observed in Fig. 4, especially for the back-to-back implementation. The values in Fig. 3 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%



Observation 12: When considering a more realistic UE performance by calibrating the simulation model towards the REFSENS point, a significantly better coverage percentage can be observed than the results obtained by calibrating the simulation model with 50% EIS. 
1. Core requirement 
As discussed 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 12.5% at 90° AoA offset, where the 12.5% is derived based on the agreed condition Min (same, adjacent, opposite).
Observation 13: based on the aggreed condition Min (same, adjacent, opposite), the core requiremetn at 90° AoA offset can defined as 12.5%. 
Proposal 5: Defining the core requirement as 12.5% for 90° AoA offset. 

1. Conclusion
As discussed in the paper, UEs can only meet a requirement with a single declared AoA suggests that the feature may not be feasible for handhelds to operate in the field properly. The benchmarking is challenging without a specified offset, then the requirement at the declared AoA offset would have to be very tight. 
With have said above, we make the following observations and conclusions in this paper:
Observation 1: The core requirement shall ensure a common minimum performance that all UEs must meet and distinguish good UE implementations from bad ones. Therefore, setting a uniform test environment for all UEs is critical.
Observation 2: From the perspective of ensuring the UE minimum performance in real life, 90° offset can be seen as a mean value for all real-life AoA offsets (0°-180°), and defining the minimum requirement at 90° offset can also somewhat represent the average performance in real life. 
Observation 3: Using 90° AoA offset to set a core requirement can also ensure the RF requirement is UE implementation agnostic and does not preclude any UE implementations. 
Observation 4: If the AoA offset is declared by UE, only the performance under a favorable propagation condition can be tested, instead of under a representative propagation scenario as defined in the specification. That UEs can only meet a requirement with a single declared AoA suggests that the feature may not be feasible for handhelds to operate in the field properly.
Observation 5: If the AoA offset is declared by UE, the core requirements will be tightly connected to specific UE implementation, which is not UE implementation agnostic anymore. 
Observation 6: Benchmarking is challenging without a specified offset, then the requirement at the declared AoA offset would have to be very tight.
Observation 7: The "or combination" hides the failed test results and alters the trend of results, implying that the results with such a data combination method do not provide sufficient physical meaning. 
Observation 8: 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 9: 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 10: The impact of polarization imbalance affects the shape of the radiation pattern after the calibration, which does not necessarily lead to a poorer performance of spatial coverage. 
Observation 11: Since very conservative UE performance has been assumed by calibrating the simulation model to the 50% EIS, it is sufficient to cover all the possible RF impairment, and no additional impairment is needed to add on top of the calibration. 
Observation 12: When considering a more realistic UE performance by calibrating the simulation model towards the REFSENS point, a significantly better coverage percentage can be observed than the results obtained by calibrating the simulation model with 50% EIS. 
Observation 13: based on the aggreed condition Min (same, adjacent, opposite), the core requiremetn at 90° AoA offset can defined as 12.5%. 
Proposal 1: The AoA offsets should be defined in the specification, and 90° can be used.
Proposal 2: If RAN4 eventually agrees to define the AoA offset based on the UE declaration, it is critical that RAN4 strive to define the value with a high bar without further diluting the core requirement since the UE performance will be only tested under a favorable propagation condition. 
Proposal 3: It is proposed not to perform any "logic combination" on the data from +offset and -offset but to treat them as two test points.
Proposal  4: The calibration scheme can ensure sufficient margin, and there is no need to explicitly include additional RF impairment on top of the calibration scheme. 
Proposal 5: Defining the core requirement as 12.5% for 90° AoA offset. 
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Appendix Simulation setup
A1. Antenna and packaging assumption:
In this paper, four UE implementations have been considered, which are shown in Fig. A1. 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. 
[image: ]
Figure A1. Reference UE implementation to derive the minimum requirement for two AoAs reception.
A2. 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. 
A3. 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.
A4. The initial position of UE
The simulation setup for the device rotation and initial positions are shown illustrated in Fig. A2. 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). 
[image: ]
                           position 1                                                                         position 2                                                                    position 3
Figure A2. 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]. 
A5. 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. 1 in section 2.1 under the same DL power -74.4 dBm DL power (spherical coverage EIS for 100 MHz BW at 28 GHz).
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