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1. Introduction
In RAN4#107, we discussed about the coverage of multi-Rx based on simulation assumption agreed in RAN4#106-bis-e. However, there are still some open issues, such as whether a UE needs to meet requirements for one or two AoA offsets. And in RAN4#107, there are some agreements relates to simulation assumption. For example, we agreed that the UE RF requirement is defined as the average (arithmetic mean) of the metric values for two DL polarization test conditions (3.4 in [1]).
In this contribution, we share our upgraded simulation results and our views on requirement.

2. Discussion
[bookmark: _Hlk125713130]The coverage of multi-Rx become different by the implementation assumption, DL power, orientation of UE on the CATR, AoA offset and so on. In RAN4#107, our simulator ([2]) can evaluate limited implementation assumptions, and we upgraded the simulation to consider the coverage with more implementation assumptions.
In this contribution, we assume the same system configuration with our previous contribution [2] (Figure 1). However, we improved the initial position of antennas from only on z or x axes to on arbitrary axes (Figure 2).

[image: ]
[bookmark: _Ref139459582]Figure 1. The assumption of system configuration with full rotation in q and half rotation in f ([3], [4])
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[bookmark: _Ref139460006]Figure 2. Initial position images of antenna panels on the CATR

2.1	DL power
In RAN4#106-bis-e, there was an agreement, “Both DL powers are same as the legacy spherical coverage EIS requirement as starting point.” (2.5 in [5]). We believe that this means 50%-tile coverage of legacy UE is equal with spherical coverage. The gain drop of our antenna panel is 7.66 dB, so we used -74.66 dBm as DL power.

2.2	Area weights
The weights will be discussed in the OTA part, but we checked the influence changing weights from sinϴ.ϴ weights to Clenshaw-Curtis weights. In our calculation, there are little coverage difference between two weights.
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[bookmark: _Ref134534055]Figure 3. Panel implementations for the example of weight.

[bookmark: _Ref134468825]Table 1. The example of the coverage with changing weights
	Combining_weights
	AoA offset [degrees]

	
	30
	60
	90
	120
	150
	180

	arithmetic mean_sin (%)
	16.17
	21.24
	23.35
	20.81
	18.63
	19.28

	arithmetic mean_ClenshawCurtis (%)
	16.18
	21.25
	23.36
	20.82
	18.63
	19.28

	OR_sin (%)
	22.92
	29.49
	32.12
	31.17
	30.84
	19.28

	OR_ClenshawCurtis (%)
	22.93
	29.51
	32.15
	31.19
	30.85
	19.28



In our simulation the difference of coverage between sinϴ.ϴ weights and Clenshaw-Curtis weights is smaller than 0.1%. In this contribution we use the coverage data with sinϴ.ϴ like [2].

Observation 1:	The difference of coverage between sinϴ.ϴ weights and Clenshaw-Curtis weights is smaller than 0.1%.

2.3	The result of simulation and coverage proposal
We simulated two antenna panels chosen from Figure 2 and checked all the coverage results. Then we found that there are 7 major coverage results and implementations. Table 2, Table 3 and Table 4 show these results. If we change the UE orientation, the coverage become different. In this situation, it seems difficult setting high coverage specification in all UE orientations. We assume that UE set makers know where their antennas in their UE are located and they can know how to select UE orientation to get best coverage performance. So, we propose to use the best UE orientation to discuss the multi-Rx coverage.

[bookmark: _Ref139466598]Table 2. The coverage of the same side panel implementation
	Implementation
	Coverage
	Combining / initial position
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[bookmark: _Ref139466600]Table 3. The coverage of back-to-back panel implementation
	Implementation
	Coverage
	Combining / initial position
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[bookmark: _Ref140584398]Table 4. The coverage of orthogonal panel implementation
	Implementation
	Coverage
	Combining / initial position
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Observation 2:	There are 7 major coverage patterns when we implement 2 panels with rotating 90 degrees.
Observation 3:	In the same implementation, coverage value is changed dramatically by UE orientation.
Proposal 1:	Use the best UE orientation to discuss multi-Rx coverage.

We discussed AoA offsets to be specified for the UE RF requirement (3.7 in [1]). The number of declared AoA offset are one or two, so we believe we should focus on the best or second coverage of the simulation results.
In this contribution we selected coverage value by the sequence below.
i. [bookmark: _Ref139470912][bookmark: _Ref141704992]In each implementation, select the UE orientation which has the best coverage.
Memorize the best coverage and its AoA offset. (UE declare its orientation.)
ii. [bookmark: _Ref139470916]Compare memorized coverages in each AoA offset and select minimum coverage.
(UE selects AoA offset for evaluate)
iii. If there are no coverage value in an AoA offset, repeat the sequence i and ii with the second coverage.

Adopting this sequence to our simulation results, we get the results below.
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Figure 4. The coverage of multi-Rx declaring one AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}

[bookmark: _Hlk139639978]Table 5. The coverage values of multi-Rx declaring one AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}
	Combining
	AoA offset [degrees]

	
	30
	60
	90
	120
	150

	arithmetic mean (%)
	25.85
	21.24
	16.51
	26.72
	22.94

	OR (%)
	33.92
	33.78
	32.12
	32.78
	34.78



Comparing coverage values in each AoA offset OR combining shows low variance results than arithmetic mean combining. We got this result by simulation, so we propose adding margin and specify the coverage specification 30% in all AoA offsets.

Observation 4:	There are less coverage difference among AoA offsets using OR combining than using arithmetic mean combining.
Proposal 2:	Use OR combining in multi-Rx specification.

In declaring 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, we memorized best and second coverage in the sequence i. This changes coverage a little, so we also propose 30% coverage in all AoA offsets.
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Figure 5. The coverage of multi-Rx declaring two AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}

Table 6. The coverage values of multi-Rx declaring two AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}
	Combining
	AoA offset [degrees]

	
	30
	60
	90
	120
	150

	arithmetic mean (%)
	25.85
	21.24
	16.51
	26.72
	14.38

	OR (%)
	33.92
	33.78
	32.12
	32.78
	31.17



Observation 5:	In selecting 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, there is a little difference in required coverage in our assumption from 31.17 to 34.78%.
Proposal 3:	The coverage specification is 30% with margin in selecting 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.

In declaring 2 AoA offsets from one for {30⁰, 60⁰, 90⁰} and the other for {120⁰, 150⁰}, we divided the sequence into two groups. Then some coverage become smaller. Figure 6 and Table 7 show its results.
We can see an example of much worse coverage by the first implementation in Table 2. When we make beamforming from -45 degree to +45 degree and implement these panels in parallel, largest angle would be 90 degrees (+45 – (-45) degrees). This makes the coverage in AoA offsets {120⁰, 150⁰} small.
From this example, we concern that selecting two AoA offsets from 2 sets may limit the implementation. The same phenomena will occur when we specify 2 AoA offsets in the standard as test conditions (ex; 60⁰ and 150⁰ respectively).

[image: ]
[bookmark: _Ref139539315]Figure 6. The coverage of multi-Rx declaring 2 AoA offsets from 
one for {30⁰, 60⁰, 90⁰} and the other for {120⁰, 150⁰}

[bookmark: _Ref139539298]Table 7. The coverage values of multi-Rx declaring 2 AoA offsets from 
one for {30⁰, 60⁰, 90⁰} and the other for {120⁰, 150⁰}
	Combining
	AoA offset [degrees]

	
	30
	60
	90
	120
	150

	arithmetic mean (%)
	10.53
	21.24
	16.14
	26.72
	1.89

	OR (%)
	33.92
	33.78
	28.58
	32.78
	3.78



Observation 6:	Checking both small AoA offset and large AoA offset may limit some implementation.
(ex. Implementing 2 antenna panels in parallel and check large AoA offset.)
Proposal 4:	UE declares 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} in measurement.

If we set DL power -71.4 dBm (spherical coverage), some coverage value exceeds 50%. This does not match intuition because the coverage of legacy UE is 50%.
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Figure 7. The coverage of multi-Rx declaring one AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} 
with DL power = -71.4 dBm (Spherical coverage)

Table 8. The coverage of multi-Rx declaring one AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} 
with DL power = -71.4 dBm (Spherical coverage)
	Combining
	AoA offset [degrees]

	
	30
	60
	90
	120
	150

	arithmetic mean (%)
	37.06
	38.44
	27.24
	47.73
	42.81

	OR (%)
	48.07
	52.73
	58.84
	48.98
	51.07



Above data is for discussion. As written in section 2.1, we used better antenna than legacy simulation assumption. In legacy specification, we assumed 50% coverage with DL power = spherical coverage, so we believe from the specification view DL power should be the same with legacy spherical coverage.

Observation 7:	Coverage become larger than 50% by using DL power = -71.4 dBm (Spherical coverage) with 7.66 dB gain drop antenna panel.
Proposal 5:	Use 50%-tile CDF value for DL power for discussion, to keep 50% spherical coverage at legacy device.
Proposal 6:	DL power should be the same with spherical coverage of legacy UE in specification.






3. Conclusions
In this contribution we propose 30% coverage in 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} with DL power = spherical coverage (-71.4 dBm at CBW = 200MHz) for specification.

Observation 1:	The difference of coverage between sinϴ.ϴ weights and Clenshaw-Curtis weights is smaller than 0.1%.
Observation 2:	There are 7 major coverage patterns when we implement 2 panels with rotating 90 degrees.
Observation 3:	In the same implementation, coverage value is changed dramatically by UE orientation.
Proposal 1:	Use the best UE orientation to discuss multi-Rx coverage.
Observation 4:	There are less coverage difference among AoA offsets using OR combining than using arithmetic mean combining.
Proposal 2:	Use OR combining in multi-Rx specification.
Observation 5:	In selecting 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, there is a little difference in required coverage in our assumption from 31.17 to 34.78%.
Proposal 3:	The coverage specification is 30% with margin in selecting 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}.
Observation 6:	Checking both small AoA offset and large AoA offset may limit some implementation.
(ex. Implementing 2 antenna panels in parallel and check large AoA offset.)
Proposal 4:	UE declares 1 or 2 AoA offsets from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} in measurement.
Observation 7:	Coverage become larger than 50% by using DL power = -71.4 dBm (Spherical coverage) with 7.66 dB gain drop antenna panel.
Proposal 5:	Use 50%-tile CDF value for DL power for discussion, to keep 50% spherical coverage at legacy device.
Proposal 6:	DL power should be the same with spherical coverage of legacy UE in specification.

Our coverage simulation result with declaring one AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} is below.
	Combining
	AoA offset [degrees]

	
	30
	60
	90
	120
	150

	arithmetic mean (%)
	25.85
	21.24
	16.51
	26.72
	22.94

	OR (%)
	33.92
	33.78
	32.12
	32.78
	34.78
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