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1. Introduction
In the WF of RAN4#105 ([1]) there were a lot of topics and options. It may be difficult clarifying requirement directly because requirement should be set in an implementation-agnostic manner. In the previous meeting, there was a discussion for network benefit.

	1.1.4 Minimum network benefit for enhanced UE
· Proposals
· Option 1: Simulation domain requirement only (R4-2218042): The minimum network benefit for an enhanced UE is 10., where 0<X <3 dB is FFS
·  determines FOMBL, the UE’s baseline network benefit (legacy rank1 DL functionality) based on a uniform density grid
·  determines FOM2AoA, the UE’s network benefit when configured for 2AoA reception
· Where the AoA pairs are chosen based on the UE’s preferred fixed relative angular AoA separation, and the underlying directions over all AoA pairs are corrected for any non-uniform distributed in space. The FOM is taken as the worst-case value across all DL polarization possibilities, to capture impact of inter-beam interference. 
· Option 2: (others)
Agreement (in chairman notes): 
· FFS on how to specify the RF requirements to ensure the minimum benefit of two AoAs for the network.



In this contribution, we focus on analysing FOM first then we analyse CDF. From the results of our simulation, we suggest requirements like exclusion zone.

2. Discussion
As shown in introduction, there is only one option in the minimum network benefit discussion. We simulated FOM in [2], and we considered exclusion zone and requirements.
[bookmark: _Hlk125713130]
2.1	Network benefit
We analysed FOM by simulation with antenna panel in Figure 1.
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[bookmark: _Ref114771346]Figure 1. Antenna panel for simulation

In the multi-Rx, requirement should be set in an implementation-agnostic manner. However, we believe we can limit design for discussion like Figure 2 and Figure 3 because in evaluating FOM we rotate the UE.
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[bookmark: _Ref125708878]Figure 2. Simulation design of legacy RX
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[bookmark: _Ref125646796]Figure 3. Simulation design of multi-Rx
In the simulation of legacy RX, we assumed panel 1 or panel 2 receives the signal from a base station.
In the simulation of multi-Rx, we selected best combination between two antenna panels and signals from two base stations. In this simulation, we can consider spatial isolation of antenna and the influence of interference signal from non-Communicate base station. However, we have 2 limitations below.
-We could not simulate distorted radiated pattern made by two activated panels, because our simulator cannot simulate such situation.
-We set the same polarization to two panels. If we use different polarization like panel 1 = V and panel 2 = H, FOM may be better by polarization isolation. 
In order to consider the influence of thermal noise, we referred the link budget in [3]. Figure 4 shows our simulation result of . The throughput of multi-Rx will be better than legacy RX in the blue area.
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[bookmark: _Ref125711212]Figure 4. The simulation result of FOM

Form the Figure 4, it is needed setting AoA offset at least 35 degrees to get network benefit. This means it is feasible defining exclusion zone. AoA offset should be over 60 degrees to get network benefit in all designs with considering margin for distorted radiated pattern and so on.

Observation 1:	From FOM analysis, it is needed setting AoA offset over 35 degrees.
[bookmark: _Hlk126760593]Proposal 1:	Define exclusion zone to 60 degrees AoA offset for implementation-agnostic manner.

2.2	CDF
We tried analysing CDF around FOM = 0 dB area. We assumed the testing situation where the places of base station are fixed, and the UE is rotated to get CDF. In one measurement, UE panel 1 or panel 2 receives signal from one base station. And if we make CDF based on the panel, we may not be able to completely cover the sphere. So, we made CDF based on the direction of the signals. We selected better combination between signals and panels, and we recorded measured gain of one panel on one “grid”. Then we made CDF from the measurement grid points.
We did not analyse CDF with two panels like joint sensitivity, because it is difficult considering weight in constant step size grid type. In this situation, there are 3 points changing CDF feature from legacy specification.

-UE can select the combination between RX panel and beam. This makes CDF better than legacy single panel RX.
-The interference signal from non-Communicate base station makes CDF worse than legacy RX.
-Two activated panels distort radiated pattern. This makes CDF worse, but this is not included in this analysis.
We picked up some points which FOM is around 0 dB and checked CDF. Figure 5 shows its result. In Figure 5, all peak EIS are the same with peak EIS of legacy RX. However, except for the peak point, normalized gains are different among simulations.
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[bookmark: _Ref126694515]Figure 5. CDFs which FOM is around 0dB

FOM shows the relative specification from legacy devices, so we checked CDF of legacy devices with changing panel angle offset. Figure 6 shows its result.
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[bookmark: _Ref126695111]Figure 6. CDF of legacy devices with changing panel angle offset

In the CDF of legacy devices, CDF is better when panel angle offset is bigger.

Observation 2:	In the CDF of legacy devices, CDF is better when panel angle offset is bigger.

Then we checked the CDF of multi-Rx with changing AoA offset and panel angle offset. 



	panel angle offset = 90 degrees
	panel angle offset = 180 degrees
	Note
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[bookmark: _Ref125713693]Figure 7. The CDF of multi-Rx with changing AoA offset

	AoA offset = 90 degrees
	AoA offset = 180 degrees
	Note
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[bookmark: _Ref125714813]Figure 8. The CDF of multi-Rx with changing panel angle offset

In the CDF of multi-Rx, CDF is better when panel angle offset is bigger or AoA offset is bigger.

Observation 3:	In the CDF of multi-Rx, CDF is better when panel angle offset is bigger or AoA offset is bigger.

From Figure 6 to Figure 8, whether multi-Rx improve throughput depends on the combination between the places of panel and the AoA offset of beam. If the AoA offset is smaller than 30 degrees, 50%-tile gain drop can be worse than that of legacy single panel specification. From the CDF with 60 degrees AoA offsets in Figure 6 we suggest setting 5 dB EIS tolerance. This result is related to 1.1.2 option 1c of previous WF[2].

Observation 4:	If the AoA offset is smaller than 30 degrees, 50%-tile gain drop can be worse than that of legacy single panel specification.
Proposal 2:	We suggest setting 5 dB EIS tolerance from 60 degrees AoA offset simulation result.


2.3	Test setup
From observation 3, we saw that when AoA offset is bigger, CDF become better. This suggests that we can concentrate on severe small AoA test. So, we suggest setting fixed relative AoA separation.

Proposal 3:	Setting AoA angle to smallest one for reducing test patterns.

3. Conclusions

Observation 1:	From FOM analysis, it is needed setting AoA offset over 35 degrees.
Proposal 1:	Define exclusion zone to 60 degrees AoA offset for implementation-agnostic manner.
Observation 2:	In the CDF of legacy devices, CDF is better when panel angle offset is bigger.
Observation 3:	In the CDF of multi-Rx, CDF is better when panel angle offset is bigger or AoA offset is bigger.
Observation 4:	If the AoA offset is smaller than 30 degrees, 50%-tile gain drop can be worse than that of legacy single panel specification.
Proposal 2:	We suggest setting 5 dB EIS tolerance from 60 degrees AoA offset simulation result.
Proposal 3:	Setting AoA angle to smallest one for reducing test patterns.
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