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Background
The requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was further discussed in RAN4#106bis-e, and a WF agreed in [1]. In this contribution, we further analyze the multi-Rx chain DL reception requirement and provide simulation results for potential core requirement discussion.  

1. [bookmark: _Hlk8895418]Key consideration for core requirement and test procedure
0. AoA Offset
Two options for setting AoA offsets are required to be further discussed based on the agreed WF [1].
· Option 1: UE meets requirement at one AoA offset. FFS if AoA offset is by specification or by UE declaration

· Option 2: UE meets the requirement at two AoA offsets. One is selected from {30⁰, 60⁰, 90⁰} and another is selected from {120⁰, 150⁰, 180⁰}. FFS if AoA offsets are by UE declaration or by specification.

In addition, we have an early agreement from RAN4#105 that the AoA offsets should be considered as a package with deployment scenarios [2]. From the perspective of deployment scenarios, it is obvious that a multi-panel UE needs to cope with various AoA offsets due to the relative location of UE and TRPs and the possible reflection in the wireless propagation channel. Therefore, it is necessary to verify the UE performance under at least two AoAs, one below 90 degrees and one above 90 degrees. 
Observation 1: considering deployment scenarios, a multi-panel UE needs to cope with various AoA offsets due to the relative location of UE and TRPs and the possible reflection in the wireless propagation channel.
Proposal 1: Two AoAs (one below 90 degrees and one above 90 degrees) shall be tested for multi-Rx chain DL reception in FR2.
In addition, the core requirement shall ensure a common minimum performance that all UEs need to meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs. Based on this aspect, the AoA offsets should be defined in specification rather than UE declaration. 
Observation 2: the core requirement shall ensure a common minimum performance that all UEs need to meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs.
Proposal 2: the AoA offsets should be defined in specification rather than UE declaration.
Considering the performance that UE can achieve (the detail numbers will be shown in section 3.3), it is feasible to set the core requirement at 60° and 150° AoA offset. On the other hand, UEs can also be expected to achieve different performances under different AoA offsets due to the correlation and crosstalk between the two probes. Therefore, it is proposed to test the UE with 60° and 150° AoA offset, but whether the same requirements should be applied to both offsets can be studied further. 
Proposal 3: it is proposed to test the UE with 60° and 150° AoA offsets, but whether the same requirements should be applied to both offsets can be studied further.

0. Data combination
In the last RAN4 meeting, the “per TRP” weight factor () is agreed to be adopted as the baseline for further study. In this case, there will be two TRP2 associated with each TRP1, as it has been agreed that both + offset and -offset will be tested. Therefore, a proper way to combine the two tests for each TRP1 point is needed. Basically, three possible ways have been discussed so far. 
1) “and” combine: the TRP1 is counted as pass when both +offset and -offset results can pass the test. 
2) “or” combine: if one of the +offset and -offset passes the test, this TRP1 is counted as a pass.
3) “no logic” combination: treat +offset and -offset as two separate test points without logic combination of the results. 
In our view, an issue with adopting logical combination, e.g., “and combine” or “or combine,” is the bias on the test results, where either a good test result or a bad test result would be hidden due to the logical combination being used. Therefore, a preferred method is not to perform any logic combination on + offset and -offset results but to treat them as two test results. 
Observation 3: failed test points (e.g., “no-go”) and passed test points (“go”) would be hidden if we adopt “and combine” and “or combine,” respectively.
Proposal 4: If the sinθ1 weight method is adopted, it is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
0. Weight factor
2. sinθ1 weight factor 
As mentioned above, it is agreed that the weight factor  is taken as a baseline. Mathematically, such an operation can be described as below, assuming that no logic combination is performed for +AoA and -AoA operation: 
                                                                              (1.3.1-1)
Where  if both panels have SINR larger than -1 dB; otherwise, it equals 0. Note that the “go” or “no-go” condition (e.g., F function) for each test is still determined by the results from the TRP pair, which is the same as per “TRP pair” weight. However, the weight factor therefore become  since we only perform the statistic over a single TRP, the same as legacy single AoA spherical coverage calculations.
In our understanding, the proposed weight factor is trying to represent a double surface integral (assume N point for each AoA) under the constrain of fixed AoA offset on theta plane by reducing the number of AoA2 associated with each AoA1 to be only two points. Therefore, the original N2 double surface integral is reduced to an N*2 single surface integral. 
Observation 4: the  weight factor represents a double surface integral (assume N point for each AoA) by reducing the number of AoA2 associated with each AoA1 to be only two points due to the constrain of fixed AoA offset on theta plane

2. sinθ1*sinθ2 weight factor 
As an alternative weight factor, the  weight factor is also proposed [3], where the detail is reproduced in Appendix A. The proposed weight factor adopts the same weight factor for each AoA pair as the full double surface integral. P is a derived from a double surface integral as shown in the annex but with restricted interferer positions w r t the wanted signal, the interferer in the same elevation plane as the wanted signal and at two fixed angular offsets ±c. For each wanted signal position in the elevation q1 with its weight factor , the surface integral is evaluated over all possible interferer positions q1 with their respective weight factors  However, only the probability of a subset of the full double surface integral where AoA1 and AoA2 have a constant offset is examined due to the constraint of the TE system. Therefore, although mathematically, the two weight factor methods have a similar format, the meaning is different. The weight factor in 1.3.1 does not introduce any weight for the interferer direction or it can be interoperated with a constant weight factor for the interferer direction.
Observation 5: with  weight factor, the probability of a subset of the full double surface integral where AoA1 and AoA2 have a constant offset, is calculated. 
One of the concerns regarding the  weight factor was that the total weight varies with the AoA offset set value. However, since fixed AoA offsets in the core requirement, the total weight would be merely a fixed number for each AoA offset, and no additional complication would be introduced. 
Observation 6: Since only fixed AoA offsets will be tested, the total weight will still be fixed for each AoA offset, and no additional complication will be introduced.
For convenience, the total weight for eligible AoA offsets is given in Table I. 
The weight factor is  for both the positive and negative offsets, and derivation is shown in Appendix. A. 

Table I. Total weight of sinθ1 sinθ2 weight factor
	AoA offset
	30°
	60°
	90°
	120°
	150°
	180°

	Total weight
	8.89
	7.13
	6.32
	7.13
	8.89
	9.92



2. Summary
As summary, different from single AoA spherical coverage, it is not straightforward to evaluate the probability of multi-Rx UE that can receive two AoA DL signals. Therefore, a clear mathematical and physical explanation must be captured in 3GPP specification so that readers outside the RAN4 forum can understand the test methods well. The summary of essential information for both methods is listed in Table. II. 
Table II. The summary of sinθ1 and sinθ1*sinθ2 weight method
	 
	sinθ1*sinθ2
	sinθ1

	Go/no-go condition
	 if both panels have SINR larger than -1 dB (“go”)

	Probability meaning
	the probability under a subset of the full double surface integral where AoA1 and AoA2 have a constant offset.
	Approximate the probability of the full double surface integral by reducing the number of AoA2 associated with each AoA1 to be two points.

	Weight 
per +offset c
	
	

	Total weight 
per +offset
	See values in Table 1. 
	



Proposal 5:  the clear mathematical and physical explanation of evaluating the probability of multi-Rx UE under two AoA conditions shall be captured in 3GPP specification so that readers outside the RAN4 forum can well understand the final test methods.
1. Simulation setup of UE spherical coverage requirement
The simulation setup is based on recommended guidance in [1], with a few points that need further clarification, 
1. Antenna and packaging assumption:
In order to examine the impact due to different UE implementations, two reference UE implementations shown in Fig. 1 have been used in the simulations. Each UE contains two antenna arrays with dual-polarized 4*1 patch elements. In our understanding, the two proposed reference UE implementations can well represent the mainstream commercial device implementation and can be used as a reference UE implementation for the setting RF requirement of multi-Rx chain reception. 
[image: ]                        [image: ]
                                                         back-to-back panel implementation                                  orthogonal panel implementation
Figure 1. Reference UE implementation to derive the minimum requirement for two AoAs reception.
1. 2TRP UE behavior assumptions
How UE selects its antenna panel or module is also a critical factor that needs to be considered. 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.
1. DL power calibration
In the simulated results presented in this paper, the DL power is calibrated such that the sensitivity level on the peak direction equals to the Refsens level. However, no further calibration is performed on the spherical coverage level. There are two considerations here: 
1. The spherical coverage requirement defined in Rel-15 is a compromised result between single-panel UE and two-panel UE. However, it is obvious that single-panel UE is not eligible for this WI. Thus, it is not reasonable to calibrate both peak EIS and spherical coverage EIS levels according to the Rel-15 requirement. 
2. Different panel placement nature has different spherical coverage performance. However, if calibration is performed on both peak and spherical coverage levels, it will enforce all the UE shows the same spatial coverage performance, and the difference between UE implementation will not be shown in the simulation 
Observation 7: it is not feasible to perform calibration on both peak and spherical coverage levels since the Rel-15 requirement also considers the single panel implementation and the impact due to different panel implementations can not be shown. 
Proposal 6:  only perform the calibration on the peak EIS direction according to the Refsens level. 
1. The initial position of UE
The simulation setup for the device rotation and initial positions are shown illustrated in Fig. 2. 
[image: ]
                           position 1                                                                         position 2                                                                    position 3
Figure 2. The simulation setup for UE rotation, UE P0 positions, and TRP locations. 
1. Simulation results
Two reference UE implementations, which have been shown in Fig. 1, are simulated with three different initial positions P0 as shown in Fig. 2. The grid step size is selected to be 1° to remove any uncertainty that a coarser step size might introduce. 
The simulation results of the probability that the device can connect to two TRPs with respect to -1 dB SINR level are plotted in Fig. 4 and Fig. 5, respectively. In addition, the simulation results of the probability that the device can connect to two TRPs with respect to different threshold SINR level/ AoA offset per TRP pair and per TRP weight methods are shown in Appendix B. 
In our simulation setup, the UE remains in the interference limited scenarios for -1 dB SINR, which leads to the phenomenon that the coverage percentage goes up with a larger AoA offset as larger AoA offset leads to a lower interference level. However, the results may look different if it is gain limited scenario where the best AoA offset would be the one that fit the UE panel implementation. 
Observation 8: in the interference limited scenarios, the coverage percentage always goes up with a larger AoA offset. 
[image: ][image: ]
(a)                                                                                                      (b)
Figure 4. The simulation results of back-to-back panel implementation with (a) sinθ1*sinθ2 weight method and (b) sinθ1 weight method 

[image: ][image: ]
(b)                                                                                                      (b)
Figure 5. The simulation results of orthogonal panel implementation with (a) sinθ1*sinθ2 weight method and (b) sinθ1 weight method 
Overall, the following phenomena have been observed:
2. Weight method
The “sinθ1” and “sinθ1*sinθ2” weight methods show a similar trend. 
Observation 9: Similar trend can be observed when adopting different weight methods.
2. P0 position
Performance differences can be observed at different P0 positions, which is mainly caused by the fact that the AoA offset is limited to  plane. Therefore, how to handle the P0 position in conformance test needs to be further studied. One possible option to allow UE vendors to declare the preference P0 position while the core requirement shall be defined based on the best results among all the possible P0 positions. Then it is possible to define a more relevant core requirement not unduly relaxed to account for all possible antenna positions on the DUT.
Observation 10: Since the AoA offset is limited to  plane, performance differences can be observed at different P0 positions.
Proposal 7: allow UE vendors to declare the preference P0 position and the core requirement shall be defined based on the best results among all the possible P0 positions. Then it is possible to define a more relevant core requirement not unduly relaxed to account for all possible antenna positions on the DUT.
2. AoA offset and coverage probability M%
· The performance difference between different back-to-back and orthogonal panel implementations are similar for small AoA offsets (e.g., 30° or 60°), while the performance of back-to-back implementations outperforms the orthogonal panel implementations for large AoA offsets. 
· The coverage performance highly depends on AoA offset. 
· The percentage value of AoA offset = 30° may be too low to be tested with a practical grid step (e.g., 15°) and may not be feasible for setting core requirements.  
From the core requirement point of view, since the offsets can vary in real life, it is important that UE can meet the core requirement under both large offset (> 90°) and small offset (< 90°). On the other hand, UEs can also be expected to achieve different performances under different AoA offsets due to the correlation and crosstalk between the two probes. Considering the simulated UE performance, it is proposed to test the UE with 60° and 150° AoA offset, but whether the same requirements should be applied to both offsets can be studied further as we already mentioned in 3.3. 
Observation 11: The coverage performance highly depends on AoA offset and UE panel placement, but different UE implementations show similar performances for small AoA offset.
Observation 12: The coverage performance at AoA offset = 30° may be too low to be tested with a practical grid step and may not be feasible for setting core requirements.  
Observation 13: It is feasible to set the core requirement at 60 degree and 150 degree. 
The results for coverage probability with respect to -1 dB threshold SINR has been summarized in Table III for an initial discussion on the possible core requirement. Considering the worst case among all the implementations for sinθ1 weight factor, it is proposed to define the core requirement for [15]% coverage for 60-degree AoA offset and [36]% coverage for 150-degree AoA offset. 
Table III. The coverage probability at threshold SINR at -1 dB
	
	sinθ1*sinθ2
	sinθ1

	UE implementation
	Back-to-back
	Orthogonal
	Back-to-back
	Orthogonal

	AoA offset
	60°
	150°
	60°
	150°
	60°
	150°
	60°
	150°

	Best percentage among all three initial positions.
	20%
	64%
	14%
	36%
	30%
	59%
	15%
	36%



Proposal 8: defining the core requirement as [15]% for 60 degrees AoA offset and [36]% for 150-degree AoA offset. 
1. Conclusion
In this contribution, we make the following observations and conclusions:
Observation 1: considering deployment scenarios, a multi-panel UE needs to cope with various AoA offsets due to the relative location of UE and TRPs and the possible reflection in the wireless propagation channel.
Observation 2: the core requirement shall ensure a common minimum performance that all UEs need to meet and distinguish good UE implementations from bad ones. Therefore, it is critical to set a uniform test environment for all UEs.
Observation 3: failed test points (e.g., “no-go”) and passed test points (“go”) would be hidden if we adopt “and combine” and “or combine,” respectively.
Observation 4: the  weight factor represents a double surface integral (assume N point for each AoA) by reducing the number of AoA2 associated with each AoA1 to be only two points due to the constrain of fixed AoA offset on theta plane.
Observation 5: with  weight factor, the probability of a subset of the full double surface integral where AoA1 and AoA2 have a constant offset, is calculated. 
Observation 6: Since only fixed AoA offsets will be tested, the total weight will still be fixed for each AoA offset, and no additional complication will be introduced.
Observation 7: it is not feasible to perform calibration on both peak and spherical coverage levels since the Rel-15 requirement also considers the single panel implementation and the impact due to different panel implementations can not be shown. 
Observation 8: in the interference limited scenarios, the coverage percentage always goes up with a larger AoA offset. 
Observation 9: Similar trend can be observed when adopting different weight methods.
Observation 10: Since the AoA offset is limited to  plane, performance differences can be observed at different P0 positions.
Observation 11: The coverage performance highly depends on AoA offset and UE panel placement, but different UE implementations show similar performances for small AoA offset.
Observation 12: The coverage performance at AoA offset = 30° may be too low to be tested with a practical grid step and may not be feasible for setting core requirements.  
Observation 13: It is feasible to set the core requirement at 60 degree and 150 degree. 
Proposal 1: Two AoAs (one below 90 degrees and one above 90 degrees) shall be tested for multi-Rx chain DL reception in FR2.
Proposal 2: the AoA offsets should be defined in specification rather than UE declaration.
Proposal 3: it is proposed to test the UE with 60° and 150° AoA offsets, but whether the same requirements should be applied to both offsets can be studied further.
Proposal 4: If the sinθ1 weight method is adopted, it is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
Proposal 5:  the clear mathematical and physical explanation of evaluating the probability of multi-Rx UE under two AoA conditions shall be captured in 3GPP specification so that readers outside the RAN4 forum can well understand the final test methods.
Proposal 6:  only perform the calibration on the peak EIS direction according to the Refsens level. 
Proposal 7: allow UE vendors to declare the preference P0 position and the core requirement shall be defined based on the best results among all the possible P0 positions. Then it is possible to define a more relevant core requirement not unduly relaxed to account for all possible antenna positions on the DUT.
Proposal 8: defining the core requirement as [15]% for 60-degrees AoA offset and [36]% for 150-degree AoA offset. 
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Appendix A The derivation of weight Sinθ1 * Sinθ2 weight factor 
Recall that if the AoAs of the two TRPs can be arbitrary values rather than with a fixed offset in between, a full double surface integral needs to be performed to sweep through all the possible combinations of AoA1  and AoA2 to calculate the probability P that the device can successfully connect to two TRPs
                                                                                    (A-1)
where 
                                       (A-2)
                                           (A-3)
 if both panels have SINR larger than -1 dB; otherwise, it equals 0. In this case, it can be observed that the corresponding weight factor for each TRP pair should be . 
Now consider that only a fixed offset would be applied to between AoA1 and AoA2, the same weight factor can still be used if we see this as a subset of the full double surface integral. However, since a constant offset between AoA1 and AoA2 needs to be applied (e.g., AoA2 = AoA1+ offset), a Dirac delta function needs to be plugged into the integral  , so that we only count the AoA pairs which has the required offset. 
Assuming a case that the offset is only applied to plane, e.g., , where c is a constant offset, the integral of f  in 2.3.1-2 becomes  as below. Please note that since  is from 0° to 180°,  needs to be wrapped within the same range. 
               (A-4)      
by integral over  and  , the double surface integral will be degraded to a single surface integral: 


                (A-5)
In the double surface integral (quadruple), split the integral in the theta_1 domain into two terms
for 0 < theta_1 < pi – C for which we only consider interferers at theta_2 = theta_1 + C, phi_2 = phi_1, the integrand becomes (the scaling omitted below)
1. F(theta_1, phi_1, theta_2, phi_2)*delta(theta_2-(theta_1+C))*delta(phi_2-phi_1)
and for pi - C < theta_1 < pi with interferers at 2pi – (theta_1 + C), phi_2 = pi + phi_1 [wrapped], the integrand becomes
2. F(theta_1, phi_1, theta_2, phi_2) * delta(theta_2-(2pi – (theta_1+C))) * delta(phi_2-phi_1-pi)
and integrate the two quadruple integrals over theta_2 and phi_2
Then this yields a sum over the first for 0 < theta_1 < pi – C, phi_1 with integrand
1. F(theta_1, phi_1, theta_1+C, phi_1) sin(theta_1) sin(theta_1 + C)
and the second over pi - C < theta_1 < pi, phi_1
2. F(theta_1, phi_1, 2pi – (theta_1+C), phi_1+pi) sin(theta_1) sin(2pi – (theta_1+C))
Sum 1+2. The weight factor becomes correct, no need to include the absolute value in the integrand, setting F = 1
pi*[(pi – 2*C)*cos C + 2*sin C ], the curve above

Appendix B The simulation results against SINR threshold level 
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back-to-back panel implementation in position 1                                   orthogonal panel implementation in position 1
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back-to-back panel implementation in position 2                                  orthogonal panel implementation in position 2
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back-to-back panel implementation in position 3                                   orthogonal panel implementation in position 3

Figure B1. The simulation results with sinθ1*sinθ2 weight method 
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back-to-back panel implementation in position 1                                  orthogonal panel implementation in position 1
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back-to-back panel implementation in position 2                                   orthogonal panel implementation in position 2
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back-to-back panel implementation in position 3                                   orthogonal panel implementation in position 3

Figure B1. The simulation results with sinθ1 weight method 
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