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1. Introduction
In the last meeting, the functionality verification based requirement concept is agreed as baseline for further discussion [1], and in this contribution, we provide more evaluation results on how to construct the requirement.
2. Discussion
2.1 Simulation assumption
The details of simulation assumptions are recorded in the Table I

Table I simulation assumption in this contribution
	# of antenna module
	2, dual polarized

	array of element antenna in each antenna module
	4x1

	Antenna location (front, back, top-side, left-side, right-side, bottom-side)
	Top-side +Right-side/Right-side + Right-side/Left-side + Right-side
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	Package assumption
	Front cover
	Glass

	
	Back cover
	Glass

	
	Side frame
	Metal

	
	Display panel – Full (Y) or Partial (N)
	Y

	UE orientation
	Top/Bottom/Left/Right/Front/Back

	Polarization pair
	V-V/H-H

	UE behavior assumption
	· Each antenna module receive 1 AoA with same polarization，the case that one antenna module receive 2 AoA is not considered.
· Module/beam selection is based on maximizing the RSRP of 2AoA, which align with the RAN1 TCI reporting. 
· Interference between AoAs is considered as noise



2.2 Inconsistency between H&V 
For an antenna module, the radiation pattern of V-pol and H-pol is not exactly same, and when metal blockage exist, the difference may be amplified due to the reflection as shown in the Figure 1 
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Figure 1 The radiation pattern of a pair of V/H element in 1x4 antenna module

In practical UE design, to avoid severe blockage, the metal frame near the antenna module can be removed and replaced by other materials, but the V/H element may still suffer from different loss, which still lead to difference between V-pol and H-pol.

Observation 1: The performance of V-pol and H-pol element may be different in practical UE design.

Currently, the EIS is calculated as average of V and H

EIS = 2*[1/EIS(PolMes=q, PolLink=q) +1/EIS(PolMeas=f, PolLink=f)]-1
If V-pol and H-pol have exactly same performance, the issue mentioned above will not impact the multi-Rx performance in functionality verification because . However, when the difference exists and the  is chosen as fixed DL power, the performance for  and  under same offset can be different as shown in Figure 2.
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Figure 2 Simulation results for different polarization pair

Observation 2: Even under same offset value and UE orientation, the functionality based performance can be various for different polarization pairs.

A further question here is how to deal with the different results of the polarization pairs. In our understanding, one reason for the poor results is that the average  is lower than  (or), which is an artificially penalty, so our view here is both and  need to be verified, and final result is  the result of the best polarization pair of them, to show the feasibility of supporting 2AoA.

Proposal 1: Both and  need to be tested, and the final result should be max (, ).

2.3 Results combination of 2TRPs
In [1], complementary scan was proposed to eliminate the bias in testing, and under this assumption, at least 2 AoA pairs will be tested for each test point, as shown in below:
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Figure 2 illustration of AoA pairs for test point

When we want to get the final spherical coverage, there are two simple ways:

Approach 1: Construct the spherical coverage based on the per TRP results, then further combine the results, e.g., average.
Approach 2: Combine the result of each test point first, then construct the spherical coverage as legacy spherical coverage.

Both approaches can work, but we prefer approach 2. If we go with option 1, one problem we need to face is what is the reasonable way to combine such two spherical coverage results. Average is ok but we may hard to match the mathematical method with physical meaning. Combine the result per test point can ensure that when we construct the spherical coverage, each combine data has clear meaning which depend on the combination method.

Proposal 2: The Pass/Fail results of each test point is constructed based on all AoA pairs containing that test point.

2.4 AND combining and OR combining
Considering each test point will be tested more than once, how to decide the results of each point was raised and there 2 options [1]:

Option 1: if one test point is verified more than once, this test point can be marked as PASS only if it can pass every time. Only the test point that meets the legacy spherical coverage requirement needs to be verified. 
 
Option 2: RAN4 to consider OR combining to resolve multiple binary outcomes at the same point. 

Figure 3 can further represent the different between the 2 options:



Figure 4 Difference between AND/OR combining

Intuitionally, AND combining is more align with our expectation of multi-Rx UE, which is UE can support the a AoA pair regardless of the relative positions of the two AoA. However, this method is quite strict for UE and the simulation results are show in below:


Figure 5 Simulation results for AND combining and OR combining

The results show that AND combining and OR combining have same trend and the difference is that the AND combining have a lower value, so from this perspective, both methods can work, but the OR combining is an easier way to perform the post-processing.

Observation 3: The N% of AND combining and OR combining have same trend under different AoA separations.

Proposal 3: Conclude that OR combining is used when the test point is tested more than once.

2.5 Consideration on UE orientations and requirement design
[bookmark: _Hlk131942780]The simulation results for different UE orientations are shown in Figure 5 and the post-processing rules that mentioned in previous part are used.




Figure 6 N% for different orientations  

Some curves are totally overlapped is because the model itself has symmetry. When metal blockage exists, the EM field will be scattered due to the reflection, and it is hard to summarize a rule between N% and AoA offset. The UE orientation also led to different results although the AoA offset is same, and the reason here is that the relative position between AoA pair and UE will be changed under different UE orientation.

Observation 4: The relative position between UE and AoA pair will be changed under different UE orientation and the metal frame will make the EM field become scattered, and all these factors make the N% can be various under same AoA offset.

In [2], we propose that the AoA offset that need to be verified should be declared by UE and the value should be within a specific pool. Based on the simulation above, the UE performance has strong relationship with both AoA offset and UE orientation, so we think that both UE orientation and AoA offset should be declared as a package.  

Proposal 4: UE declare {AoA offset, UE orientation} as a package for verification
· AoA offset∈[30,60,90,120,150]
· UE orientation ∈[Top, Bottom, Left, Right, Front, Back]

To get a more complete picture of UE performance, we prefer at least two different UE orientation need to be verified.

Proposal 5: At least two different UE orientation need to be verified. 

Now we can further discuss how to define the requirement in the spec. One possible way is to define separated value for each AoA offset, but based on the simulation above, the N% can be various even under same AoA offset due to the different UE orientation and module implementation, and it is hard to decide a specific value for each offset. Instead, if the verification based on the UE declaration can be agreed, only define single value can be an easier way.

Proposal 6: Only define a single value of N% as requirement for all offset value, e.g., 25%.

One more detail of requirement here is channel bandwidth. The spherical coverage power level in current spec is defined based on different CBW, and when the fixed DL power equal to spherical power level, signal/noise/interference have similar scaling under different CBW which make the SINR is similar, so from this perspective, it is unnecessary to verify the performance under different CBW.

Proposal 7: No need to define the N% for each CBW, and only one of the CBM need to be verified, e.g., 200MHz.
3. Conclusion
Observation 1: The performance of V-pol and H-pol element may be different in practical UE design.

Observation 2: Even under same offset value and UE orientation, the functionality based performance can be various for different polarization pairs.

Observation 3: The N% of AND combining and OR combining have same trend under different AoA separations.

Observation 4: The relative position between UE and AoA pair will be changed under different UE orientation and the metal frame will make the EM field become scattered, and all these factors make the N% can be various under same AoA offset.

Proposal 1: Both and  need to be tested, and the final result should be max (, ).

Proposal 2: The Pass/Fail results of each test point is constructed based on all AoA pairs containing that test point.

Proposal 3: Conclude that OR combining is used when the test point is tested more than once.

Proposal 4: UE declare {AoA offset, UE orientation} as a package for verification
· AoA offset∈[30,60,90,120,150]
· UE orientation ∈[Top, Bottom, Left, Right, Front, Back]

Proposal 5: At least two different UE orientation need to be verified. 

Proposal 6: Only define a single value of N% as requirement for all offset value, e.g., 25%.

Proposal 7: No need to define the N% for each CBW, and only one of the CBM can be chosen for verification, e.g., 200MHz.
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Spherical coverage when modules are adjacent side
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