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1. Introduction
In RAN4#106-bis-e, we discussed about simulation assumptions for evaluation, and we agreed the guideline for simulation ([1]). However, we still have challenge like bias, and we need more data for determining requirement.
In this contribution, we share our simulation results and our views on requirement.

2. Discussion
[bookmark: _Hlk125713130]We made simulation along with the guideline in WF (chapter 2.10 in [1]). In this section, we share our simulation assumption first. Then we share our simulation results.

2.1	Simulation assumption
We consider three UE panel implementations (Figure 1). However, the gain drop of our antenna panel is 7.66 dB at 50%-tile, so we set some DL powers (This relates to chapter 2.5 and 2.6 in [1]).
[image: ]
[bookmark: _Ref134534055]Figure 1. Panel implementations in our simulation

In the measurement system, we assumed sources (TRPs) are fixed in the ‘XZ’ plane like Figure 2.

[image: ]
[bookmark: _Ref134534142]Figure 2. The assumption of system configuration with full rotation in q and half rotation in f ([2], [3])
Each antenna panel can select V or H polarization.
Table 1 summarize our simulation parameters. The other details of our simulation assumption are written in Annex A.

[bookmark: _Ref134468825]Table 1. Parameters for discussion
	Item
	parameters
	Note

	combination method
	and, arithmetic mean, or
	

	DL power
	-68.4, -71.4, -74.4, -77.4 dBm
	

	Antenna location
	Top-Top, Top-Right, Top-Bottom
	

	polarization
	V or H
	Panel 1 and 2.
Measurement antenna uses H polarization only.




2.2	Simulation results
Table 2 shows our simulation results with changing DL power. When the DL power become large, the coverage difference between arithmetic mean combining and or combining also become large. In the or combining, AoA+ or AoA- can be FAIL even if the result is PASS, so we consider arithmetic mean combining is more realistic than or combining. 
From chapter 2.5 in WF ([1]), assumed DL power would be -71.4 dBm (spherical coverage with CBW = 200MHz) or larger. Then the coverage difference between arithmetic mean combining and or combining become about 20% in our simulation. From option 2 of chapter 2.6 in WF ([1]), assumed DL power would be -74.64 dBm (gain drop is 7.66 dB) and the coverage difference between arithmetic mean combining and or combining become about 15% in our simulation. From this difference we concern that it is hard combining the real phenomena and the result of or combining. So, we suggest using arithmetic mean method in combining the results of AoA+ and AoA-.

Observation 1:	When the DL power become large, the coverage difference between arithmetic mean combining and or combining also become large.
Proposal 1:	Using arithmetic mean method in combining the results of AoA+ and AoA-.
(RAN4#106-bis-e WF, R4-2306604, chapter 2.10, 5.3a/b)










[bookmark: _Ref134527341]Table 2. Simulation results
	
	Top-Top
	Top-Right
	Top-Bottom

	DL power 
= -68.4 dBm
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	DL power 
= -71.4 dBm
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	DL power 
= -74.4 dBm
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	DL power 
=-77.4dBm
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	Colour
	
(Combining method) _ (polarization of panel 1) (polarization of panel 2):



We compared the difference of coverage among AoA offsets. Figure 3 shows an example. In this example, we find the coverage of AoA offset = {120⁰, 150⁰, 180⁰} is about 15% higher than AoA offset = {30⁰, 60⁰, 90⁰} in mean combining case.

[image: ]
[bookmark: _Ref134540434][bookmark: _Hlk134550383]Figure 3. Simulation results (DL power = -71.4 dBm, arithmetic mean combining)

However, the coverage difference in or combining case between AoA offset = {120⁰, 150⁰, 180⁰} and AoA offset = {30⁰, 60⁰, 90⁰} seems smaller than that in mean combining case. Figure 4 shows example of or combining case.

[image: ]
[bookmark: _Ref134626632]Figure 4. Simulation results (DL power = -71.4 dBm, or combining)

Our simulation results suggest that it relates to simulation assumption whether we should need the requirement at two AoA offsets (option 2 in [1] chapter 2.4). 

Observation 2:	The coverage difference between AoA offsets = {30⁰, 60⁰, 90⁰} and {120⁰, 150⁰, 180⁰} is influenced by simulation assumption like combining method.
(relates option 2 in RAN4#106-bis-e WF, R4-2306604, chapter 2.4)

From the viewpoint of removing the different measurement results for different UE orientations, we could not check the case where antenna panels are not in Figure 1 case, for example Figure 5 cases. If we change the antenna position from Figure 1 to Figure 5, the result of simulation will be changed from the analysis in [4]. Like this case, it will be difficult checking all UE implementations.
[image: ]
[bookmark: _Ref134703713]Figure 5. Examples of UE orientation which this contribution does not cover.

We agreed implementation agnostic manner in multi-Rx, so it is hard clarifying proper UE orientation and AoA separation angle package for all UE implementations. We suggest that it is feasible requiring only UE orientation, and not limiting AoA separation angle.

Observation 3:	We agreed implementation agnostic manner in multi-Rx, so it is hard clarifying proper UE orientation and AoA separation angle package for all UE implementations.
Proposal 2:	It will be feasible requiring only UE orientation, and not limiting AoA separation angle.
(option 1, 2 without limiting AoA separation angle in RAN4#106-bis-e WF, R4-2306604, chapter 2.2)

3. Conclusions

Observation 1:	When the DL power become large, the coverage difference between arithmetic mean combining and or combining also become large.
Proposal 1:	Using arithmetic mean method in combining the results of AoA+ and AoA-.
(RAN4#106-bis-e WF, R4-2306604, chapter 2.10, 5.3a/b)
Observation 2:	The coverage difference between AoA offsets = {30⁰, 60⁰, 90⁰} and {120⁰, 150⁰, 180⁰} is influenced by simulation assumption like combining method.
(relates option 2 in RAN4#106-bis-e WF, R4-2306604, chapter 2.4)
Observation 3:	We agreed implementation agnostic manner in multi-Rx, so it is hard clarifying proper UE orientation and AoA separation angle package for all UE implementations.
Proposal 2:	It will be feasible requiring only UE orientation, and not limiting AoA separation angle.
(option 1, 2 without limiting AoA separation angle in RAN4#106-bis-e WF, R4-2306604, chapter 2.2)
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Annex A: The detail of our simulation assumption
In this section, we share the detail of our simulation assumption.
We made simulation align with the guideline in [1] chapter 2.10. In order to consider some parameters, we added some loops to the guideline. Figure 6 shows rough flow chart of our simulation.

[image: ]
[bookmark: _Ref134458492]Figure 6. Flow chart of our simulation



We assumed detail simulation assumption as Table 3.

[bookmark: _Ref134458326]Table 3. Parameters for simulation assumption
	Item
	Simulation assumption
	Note

	# of antenna module
	2, dual polarized
	

	array of element antenna in each antenna module
	4x1
	

	Antenna location
	Top-Top, Top-Right, Top-Bottom
	Top is oriented to z-axis in positioner at q=0 position.

	The gain drop of antenna module
	7.66 dB at 50%-tile
	

	The beam direction of antenna module
	-45, -30, -15, 0, +15, +30, +45 degrees
	The resolution of beam phase shifter controller is 45 degrees.

	Beam selection sequence
	Option 1 of chapter 1.1 in [1].
	1. Select largest gain combination among modules and TRPs.
2. Connect rest module and TRP.

	Measurement system configuration
	full rotation in q and half rotation in f
	

	Add weighting
	Option 1 of chapter 2.3.1 in [1].
	Weight of panel 1, sin q.

	Channel Bandwidth
	200MHz
	

	SINR
	SINR = P_signal/ (Noise + P_interf)
Noise(dBm)= -174 +10*log10(CBW) +NF
NF=10
	Same with 5.1, chapter 2.10, 
R4-2306604.

	Simulator
	HFSS for getting data of antenna panel
Python for combing 2 panels data
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