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1.	Introduction
In RAN4 Athens meeting, there was big progress and most simulation assumptions were agreed and captured in the WF [1]. Based on that, we have performed simulation to facilitate further requirement discussion.
In this contribution, firstly we share our simulation setting and simulation results, and then we share our views on requirement establishment for 2AoA spherical coverage.
2. 	Discussion
2.1	Simulation
2.1.1	Simulation basic setting
It was previously agreed that the UE panel assumption should be implementation agnostic [2].
	On UE panel assumption
UE panel assumption should follow implementation agonistic manner.



So it is important to cover various panel implementations in simulation. According to the agreed simulation assumption in the WF of last meeting [1], two antenna modules located at same side is not precluded:
	Item
	Simulation assumption
	Note

	# 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)
	combination of the lists
(e.g., left and right, Right and Top, Left and top, .etc.)
	Two antenna modules located at same side is not precluded



According to these principles, we mainly consider following three UE panel implementations:
· 1. Right + Back, two modules
· 2. Left + Right, two modules
· 3. Left + Left, two modules
Refer to illustration in Figure 2.1.1-1.
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Figure 2.1.1-1. Illustration of panel implementations in our simulation
Due to the characteristic of 2AoA 3D scan, different UE orientations lead to different measurement results. Consequently in last meeting there was following agreement [1]:
	Agreement: 
· UE orientation w.r.t P0 position (z-axis) is part of core requirement consideration.
· In the simulation, RAN4 should study all the orientations.



In our simulation we consider following 3 typical UE orientations shown in Figure 2.1.1-2.
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Figure 2.1.1-2. Illustration of UE orientations in our simulation
Regarding detailed beam pattern setting, we are using 4x1 dual polarized two modules (as agreed), and 5 beams for each module.
The agreed simulation calibration step was as following [1]:
	UE RF simulation calibration step
· Proposals
· Option 1: It is proposed to calibrate the simulation baseline with legacy 1AoA measurement. (R4-2300987)
· Option 2: It is proposed to calibrate the simulation baseline with legacy peak EIS spec and legacy spherical EIS spec. (R4-2300987)
Agreement:
· Option 2 as baseline
· Option 1 can also be considered.



In our simulation, we adopted the agreed simulation calibration baseline, to calibrate the 1AoA simulation baseline with legacy peak EIS spec and legacy spherical EIS spec, i.e. there is 10.9dB gain drop between peak and 50%-tile for 28GHz bands. And we also think it important to adopt practical radiation pattern than ideal pattern in order to derive a realistic requirement. So the antenna pattern of each beam is obtained by electromagnetic simulation, refer to Figure 2.1.1-3 for the per-beam pattern as an example:
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Figure 2.1.1-3. Illustration of one example radiation pattern in our simulation
Obviously we can see that the radiation pattern of practical UE is not so ideal.
Observation 1:	practical radiation pattern is much different from ideal pattern.
We are trying to simulate various scenarios using practical radiation pattern. The above scenarios including different panel placement and orientations may not be sufficient enough, but the principle should be consensus in the group, i.e., various possible panel placement and UE orientation should be considered in simulation, and practical radiation pattern than ideal pattern is encouraged.
Proposal 1:	various possible panel placement and UE orientation should be considered in simulation, and practical radiation pattern than ideal pattern is encouraged.
2.1.2	Simulation detailed issue
Though most simulation assumptions have been agreed in the WF [1], there are some aspects need to be clarified for running simulation.
One aspect is about the SNR calculation in simulation. The basic assumption is that SNR=-1dB corresponds to 95% throughput, which determines the verdict for go or no-go. According to diversity RX agreement and no “joint detect/decode” agreement, so no polarization isolation is assumed at UE side.
In our simulation practice, we have observed that different SNR calculation will lead to obvious difference in simulation results. If the SNR calculation is only based on SIR, i.e., only consider the interference (TRP1RX2, TRP2RX1), the simulated results would be better than real performance which is based on SINR. Following two tables are comparison with back2back implementation as an example.
SIR based:
	panel implementation 2
(left + right 2 modules)
	angular separation(deg)
	30
	60
	90
	120
	150
	180

	
	PASS coverage (weighted)
	orientation_1
	0%
	0%
	12%
	38%
	47%
	50%

	
	
	orientation_2
	0%
	7%
	35%
	49%
	50%
	50%

	
	
	orientation_3
	0%
	2%
	17%
	40%
	47%
	50%



SINR based:
	panel implementation 2
(left + right 2 modules)
	angular separation(deg)
	30
	60
	90
	120
	150
	180

	
	PASS coverage (weighted)
	orientation_1
	0%
	0%
	6%
	29%
	41%
	44%

	
	
	orientation_2
	0%
	4%
	22%
	41%
	44%
	44%

	
	
	orientation_3
	0%
	1%
	13%
	36%
	42%
	45%


So it is important to make sure that both interference and UE noise are taken into account in simulation.
Proposal 2:	make sure both interference and UE noise have been taken into account in simulation.
Another aspect is about beam selection assumption, as indicated in the WF [1]
	2TRP UE behavior assumptions
· Proposal on module selection
· Option 1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The subsequent module is assigned to track the other TRP.
· SINR maximization instead of RSRP maximization not precluded.
· Option 2: Other
· Proposal on beam selection
· Option 1: UE selects beam for each module so RSRP of RS from assigned TRP is maximized.
· SINR based beam selection instead of RSRP not precluded.
· Option 2: Other



Fundamentally it is up to implementation. As to the assumption for simulation and requirement derivation, RRM session already agreed to adopt Rel-17 group based beam reporting which is based on RSRP approach. So it is better to adopt the same assumption. 
Proposal 3:	adopt RSRP criteria rather than SINR criteria as beam selection assumption for simulation and requirement derivation.
Then there is one more issue, i.e., which TRP should use the best beam among the two antenna modules, TRP1 or TRP2. In our simulation, we assume TRP1 is at the grid point under testing and TRP1 is prioritized to use the best beam of all modules, TRP2+ and TRP2- use the best beam of rest module, refer to Figure 2.1.2-1.
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Figure 2.1.2-1. TRP1 is prioritized to use best beam of all modules in our simulation
In order to check the impact of TRP2 prioritized case, we simulated following two cases for comparison:
· {TRP1 prioritized}
· {TRP1 prioritized} OR {TRP2 prioritized}  
The comparison results in the following tables show that the impact is tiny.
Observation 2:	the impact of beam selection prioritization between TRPs is tiny.


{TRP1 prioritized} case:
	panel implementation 1
(right + back 2 modules)
	angular separation(deg)
	30
	60
	90
	120
	150
	180

	
	PASS coverage (weighted)
	orientation_1
	9%
	7%
	2%
	1%
	2%
	1%

	
	
	orientation_2
	11%
	23%
	30%
	23%
	15%
	3%

	
	
	orientation_3
	10%
	19%
	23%
	21%
	14%
	6%



“{TRP1 prioritized} OR {TRP2 prioritized}” case for comparison:
	panel implementation 1
(right + back 2 modules)
	angular separation(deg)
	30
	60
	90
	120
	150
	180

	
	PASS coverage (weighted)
	orientation_1
	9%
	7%
	2%
	1%
	2%
	1%

	
	
	orientation_2
	12%
	24%
	31%
	23%
	15%
	3%

	
	
	orientation_3
	10%
	19%
	23%
	21%
	14%
	6%




2.1.3	Simulation results
Our simulation is focusing on 28GHz band n261 middle channel, and the measurement grid is constant step size 2deg.
[image: ]In terms of coverage percentage (Y% @legacy EIS spherical coverage value in dBm), our simulation results are collected in the following Figure 2.1.3-1:
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Figure 2.1.3-1. Simulation results in terms of coverage percentage

As comparison, we also simulated with the dB relaxation metric, i.e., required ∆R2TRP to obtain 50% coverage for PC3. Simulation results are collected as following Figure 2.1.3-2:
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Figure 2.1.3-2. Simulation results in terms of dB relaxation to maintain 50% coverage

2.2	Requirement
2.2.1	Prioritized bands
Before looking into the final simulation results shown in section 2.1.3, it should be noted that different frequency has different radiative performance, and the gain drop between peak and 50%-tile is also different for 28GHz bands and 39GHz bands. Our simulation results in this paper is focusing on 28GHz band n261with excitation in middle channel. It is prudent to only take these simulation results for requirement derivation of 28GHz bands. So it is proposed to prioritize to set requirement for 28GHz bands, and further evaluation is needed for 39GHz bands requirements after 28GHz bands requirements are converged.
Proposal 4:	Requirement for 28GHz bands are prioritized. Further evaluation is needed for 39GHz bands requirements after 28GHz bands requirements are converged.
2.2.2	Angular separation and UE orientation
In last meeting, it was agreed that AoA offset value should be an integer multiple of the step size of the constant step size measurement test grid, and all AoA separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} shall be simulated. Regarding UE orientation, it was agreed that UE orientation w.r.t P0 position (z-axis) is part of core requirement consideration, and RAN4 should study all the orientations.
Our simulation results shown in section 2.1.3 gather simulation data for all angular separation values, for 3 typical UE orientations, for 3 different panel placement implementations, respectively. Those data are visualized in Figure 2.2.2-1 for convenience of comparison. From the figure, it can be observed that different panel placement implementations show obvious different trend in angular separation preference, thus it is not applicable to specify requirements for both small angular separation and large angular separation.
Observation 3:	different panel placement implementations show obvious different trend in angular separation preference, thus it is not applicable to specify requirements for both small angular separation and large angular separation.
Different UE orientations also impact performance a lot. From Figure 2.2.2-1 (a) and (c), it can be observed that there is even orientation showing bad performance for every angular separation from 30° to 180°, thus it is not applicable to specify requirements for all UE orientations.
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(a) simulation results of Right + Back panel placement
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(b) simulation results of Left + Right panel placement
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(c) simulation results of Left + Left panel placement
Figure 2.2.2-1. Visualization of our simulation results
Observation 4:	there is even orientation showing bad performance for every angular separation from 30° to 180°, thus it is not applicable to specify requirements for all UE orientations.
Above observations reflect the fact that different panel placement implementations have different proper working conditions in terms of angular separation and UE orientations. Depending on different UE design, there is always some angular separations and orientations where performance is too worse to work with 2AoA. Consequently, we think the best way to specify 2AoA spherical coverage requirement is to allow UE to declare its preferred angular separation and orientation.
Proposal 5:	2AoA spherical coverage requirement shall be based on UE declaration of its preferred angular separation and orientation
2.2.3	Relaxation definitions (“%” vs “dB” vs “both”)
The requirement concept for UE RF as following is agreed as baseline and it was agreed to confirm it this meeting if no critical issue identified:
	Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%.



According to the simulation results shown in section 2.1.3 in terms of both coverage percentage and dB relaxation, it can be concluded that the above baseline requirement concept is doable in general. So we propose to confirm the ‘go no-go’ approach as agreed requirement concept.
Proposal 6:	Confirm the baseline requirement concept (e.g. go or no-go) as the agreed requirement concept.
Going ahead with this requirement concept, there will be two values to be discussed, i.e., the dBm value Y and the the percentage value M%, corresponding to the options (“%” vs “dB” vs “both”) for relaxation framework in [1]
	· Proposal 1: relaxation framework 
· Option 1: Only ∆R2TRP used (applies to legacy EIS spherical coverage for deriving coverage directions) (R4-2300146, R4-2301572, R4-2301622)
· Option 2: ∆R2TRP not used, instead relax coverage fraction (for example PC3 reduced from 50% to F*50%) (R4-2300709)
· Option 3: Both ∆R2TRP and relaxed coverage fraction needed (R4-2301759) 



We also noticed that relaxation framework is related with how to consider different angular separations and UE orientations. In our view, if UE can declare its preferred angular separation and orientations, then the “%” metric is doable. In case some average handling or even changing the “OR” combing data processing may occur, the requirement in “%” may seem too low.
Observation 5:	if UE can declare its preferred angular separation and orientations, and the “OR” combing is maintained, then the “%” metric is doable.
One more relaxation consideration is about the downlink polarization. The legacy 1AoA requirement is based on average of different downlink polarization:
EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1
However, the new 2AoA requirement applies for any combination of DL polarizations from each TRP, as agreed in WF [1]
	Agreement: 
· DL pol. assumption for derivation of the UE RF requirement:
· The UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs. The requirement applies for any combination of DL polarizations from each TRP.



Though it was agreed to derive requirements assuming worst case polarization match, it is still observed that the polarization impairment in commercial UE is not fully reflected in simulation. 
Observation 6:	the polarization impairment in commercial UE is not fully reflected in simulation, which can be alleviated by DL polarization average in legacy 1AoA case, but could not be alleviated in the new 2AoA case.
Based on above observation, it is necessary to consider an additional relaxation factor due to DL polarization scheme change compared with legacy scheme.
Proposal 7:	it is necessary to consider an additional relaxation factor due to DL polarization scheme change compared with legacy scheme
3. 	Conclusion
Observation 1:	practical radiation pattern is much different from ideal pattern.
Proposal 1:	various possible panel placement and UE orientation should be considered in simulation, and practical radiation pattern than ideal pattern is encouraged.
Proposal 2:	make sure both interference and UE noise have been taken into account in simulation.
Proposal 3:	adopt RSRP criteria rather than SINR criteria as beam selection assumption for simulation and requirement derivation.
Observation 2:	the impact of beam selection prioritization between TRPs is tiny.
Proposal 4:	Requirement for 28GHz bands are prioritized. Further evaluation is needed for 39GHz bands requirements after 28GHz bands requirements are converged.
Observation 3:	different panel placement implementations show obvious different trend in angular separation preference, thus it is not applicable to specify requirements for both small angular separation and large angular separation.
Observation 4:	there is even orientation showing bad performance for every angular separation from 30° to 180°, thus it is not applicable to specify requirements for all UE orientations.
Proposal 5:	2AoA spherical coverage requirement shall be based on UE declaration of its preferred angular separation and orientation
Proposal 6:	Confirm the baseline requirement concept (e.g. go or no-go) as the agreed requirement concept.
Observation 5:	if UE can declare its preferred angular separation and orientations, and the “OR” combing is maintained, then the “%” metric is doable.
Observation 6:	the polarization impairment in commercial UE is not fully reflected in simulation, which can be alleviated by DL polarization average in legacy 1AoA case, but could not be alleviated in the new 2AoA case.
Proposal 7:	it is necessary to consider an additional relaxation factor due to DL polarization scheme change compared with legacy scheme
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