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1	Introduction 
At RAN4#107, a WF on FR2 UE RF requirements for 2AoA DL RX [1] was agreed. In the WF, further agreements were made on the applicability of the RF requirement, fixed DL power level, requirement metric, etc., while some issues such combining method, NTC vs. ETC, calibration remained open. 
In this contribution, we provide updated simulation results and share our views on the open issues.
2	Discussion
2.1 Simulation
2.1.1 Simulation assumptions and UE implementations
Key simulation assumptions are given below.
· Two UE implementations are simulated, as shown in Fig. 1. Implementation 1 has back-to-back panels pointing to opposite directions, Implementation 3 has two panels with one at the top and the other on the side. Each panel consists of 4 dual-polarized antenna elements.
· The UE selects the beam for each AoA based on the criterion of Option 1 in the WF (Option 1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP), respectively. As discussed at the last meeting, when calculating the SINR for one AoA, the signal from the other AoA is treated as interference.
· An AoA pair is considered a qualified one (or Pass) when min(SINR_AoA1, SINR_AoA2) >= -1dB. 
· We consider a channel bandwidth of 100MHz in band n257. The corresponding 50%-ile EIS value is -74.4dBm. Unless otherwise indicated, the DL power level is set as -74.4dBm.
· In the simulation, the setting is set according to the WF as shown below:
“In the coordination system of z-axis pointing to AoA1 (P0), the two AoAs (probes) shall be located in xz plane.”
· For each implementation, three UE orientations are simulated, i.e., UE front facing positive X, Y, Z axis.
· As agreed, we take Option 1 as the baseline for calibration, i.e., adjust the beam shape or scale the antenna gain to make UE align with both peak EIS and spherical coverage. Note that compared to the results in our previous contribution R4-2309031, we changed the way of adjusting the beam shape to align with the legacy spherical coverage requirement.
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Figure 1. Two UE implementations considered in the simulations.


2.1.2 Simulation results

We provide the results in the following tables. 

Table 1. Implementation 1, coverage probability based on OR combining
	AoA offset (degrees)
	30
	60
	90
	120
	150
	180

	Orientation X
	0.0%
	2.7%
	3.2%
	22.7%
	27.6%
	33.9%

	Orientation Y
	0.0%
	0.0%
	2.9%
	17.2%
	27.2%
	33.9%

	Orientation Z
	0.0%
	0.0%
	2.2%
	12.4%
	30.9%
	33.6%



Table 2. Implementation 1, coverage probability based on arithmetic mean combining
	AoA offset (degrees)
	30
	60
	90
	120
	150
	180

	Orientation X
	0.0%
	1.4%
	1.6%
	11.3%
	16.5%
	33.6%

	Orientation Y
	0.0%
	0.0%
	1.5%
	11.1%
	17.8%
	33.2%

	Orientation Z
	0.0%
	0.0%
	1.1%
	6.5%
	19.7%
	33.0%



Table 3. Implementation 3, coverage probability based on OR combining
	AoA offset (degrees)
	30
	60
	90
	120
	150
	180

	Orientation X
	1.6%
	3.8%
	4.9%
	7.7%
	8.9%
	8.7%

	Orientation Y
	11.8%
	23.9%
	35.3%
	33.0%
	20.5%
	8.5%

	Orientation Z
	9.1%
	17.7%
	22.7%
	22.9%
	17.2%
	8.5%



Table 4. Implementation 3, coverage probability based on arithmetic mean combining
	AoA offset (degrees)
	30
	60
	90
	120
	150
	180

	Orientation X
	0.8%
	1.9%
	2.5%
	4.5%
	6.4%
	8.1%

	Orientation Y
	6.7%
	12.9%
	17.7%
	16.5%
	10.5%
	8.2%

	Orientation Z
	5.1%
	8.9%
	11.3%
	11.5%
	9.1%
	8.2%




2.1.3 Discussions based simulation results

With the results in Tables 1-4, we discuss several open issues. 

Calibration

The following options are captured in the WF [1]:
3.12 Simulation detail: Alternative calibration for legacy spherical coverage
Motivation:
Sometimes ... cannot meet both REFSENS and spherical coverage gain drop at the same time. (R4-2309284. R4-2309031)
  Proposals 
· Option 1: Only perform the calibration on the peak EIS direction according to the Refsens level. (R4-2309031)
· Option 2: Meet one calibration condition as long as the other is met or exceeded (R4-2309284)
· Option 3: Only perform calibration on the spherical coverage

Agreement: 
FFS. 


In previous discussion, most companies agreed that before running the two-AoA simulations, we should calibrate against both the legacy receiver sensitivity requirement and 50%-ile spherical coverage requirement. In our simulation efforts, we observed that:
· The simulation results of calibrating against the legacy receiver sensitivity requirement are much better than the results of calibrating against both the legacy receiver sensitivity requirement and 50%-ile spherical coverage requirement. This is understandable and expected, as pointed out by other companies too, because the spherical coverage requirement was derived as a compromise of considering both single-panel UE implementation and at-least-two-panel UE implementation. 
· Furthermore, the way to calibrate against the spherical coverage requirement greatly affect the results in the two-AoA simulation results.

Furthermore, our understanding of the simulations carried out in RAN4 serves two purposes. First, it enables apples-to-apples comparison of results submitted by different companies. In case of some outliers, we can try to understand if they are due to different simulation assumptions or simply simulation errors. Second, with all the results, RAN4 can derive the final requirement. However, if different calibration methods are used, including calibrating against only receiver sensitivity requirement or against both receiver sensitivity requirement and 50%-ile spherical coverage requirement, one may wonder if RAN4 can take some averaging or worst results as the baseline for deriving the requirements.

Proposal 1: 	It is proposed to have a clear agreement on calibration method before considering the results and defining the final requirement.


Combining method

3.2 ’Combining method’ to compute Pregional in metric
For UEs required to fulfil a requirement on the probability for 2AoA reception, the metric for a given AoA separation is the spatial average:

Pregional(1,1)  is given by:
	Option 1 – arithmetic mean combining
	

	Option 2 – OR combining
	



Agreement: 
FFS

As we commented at the last meeting, for either option, the final requirement will be based on the corresponding results. Given a specific UE implementation, the final requirement would be different, however, by no means that one option would mean relaxed requirement for UEs. And the UE will have the same performance in the field no matter what option is used to define the RAN4 requirement. In this regard, there should be no difference or preference of picking one option vs. the other. 

On the other hand, it can be seen in terms of the numerical values of the requirement, say coverage probability, the OR combining method leads to higher values than the arithmetic mean combining, making this feature a bit more attractive. So, it is understandable that there is a slight preference to the “combining method.”

Proposal 2: 	The two methods will lead to different UE requirements for the same UE implementation while having no impact on UE real performance. The “combining method” is slightly preferred.

2.2 Fixed AoA offset
Further agreement on AoA offset was made in the WF [1]:

3.7 AoA offsets to be specified for the UE RF requirement 
Proposals:
· Option 1: UE vendors declare 2 AoA offsets for meeting requirement, one from {30⁰, 60⁰, 90⁰} and one from{120⁰, 150⁰} respectively
· Option 2: 2 AoA offsets are specified in the standard as test conditions, ex; 60⁰ and 150⁰ respectively. 
· Option 3: UE vendors declare 1 AoA offset from {30⁰, 60⁰, 90⁰, 120⁰, 150⁰} for meeting requirement.
· Option 4: requirements for 2 AoA offsets are specified, e.g. 60⁰ and 150⁰. UE vendors can declare which offset to test for meeting the requirement.
· Option 5: requirements for 2 AoA offset ranges are specified, one for {30⁰, 60⁰, 90⁰} and the other for {120⁰, 150⁰}. UE vendors can declare only one offset to test for meeting the requirement of the corresponding range.

Agreement: 
FFS. 180 degree offset is still included in simulation.


As the results in Tables 1-4 show, different UE implementations perform differently with different AoA offset. To allow UE implementation flexibility, it is necessary to allow UE to declare which fixed AoA offset it supports in meeting the core requirement. We further believe given the various performances with different AoA offset, it is reasonable to require the UE to meet the requirement for one AoA offset only. Note given a particular UE implementation, even only one AoA offset is declared for meeting the requirement, it does not mean the UE will not support any other AoA offsets in the field.

Proposal 3: 	It is up to UE to declare one fixed AoA offset it supports in meeting the core requirement, i.e., Option 3.


2.3 How to specify the requirement

2.3.1 Options on how to specify the requirement

As proposed, to accommodate different UE implementations, which may require/declare different AoA offsets to meet the requirement, there are three options of specifying the requirement.

Option1: Define separate requirements for different pre-defined AoA offsets. The tested AoA offset is based on UE declaration. The UE is required to pass the requirement for at least one AoA offset. The requirement would look like: 
· Requirement 1: ratio of x% for AoA offset of 45 degrees.
· Requirement 2: ratio of y% for AoA offset of 90 degrees.

Option2: Define a single requirement for different pre-defined AoA offsets. The tested AoA offset is based on UE declaration. The UE is required to pass the requirement for at least one AoA offset. The requirement would look like:
· Single requirement: ratio of z% for AoA offset of 45 degrees and 90 degrees.

Option 3: Define a single requirement averaged across multiple pre-defined AoA offsets. No UE declaration is needed. UE is required to be tested for all pre-defined offsets. The requirement would look like:
· Single requirement: ratio of q% averaged between AoA offsets of 45 degrees and 90 degrees.

Given the dependence of two AoA performance on the UE implementation and the AoA offset values, and the performance difference varies significantly between different implementations, we believe Option 1 is the best choice.

Proposal 4: 	RAN4 selects Option 1 to define requirement. 


2.3.2 Need for additional margins for requirement

So far in the simulation assumptions, calibration is done to adjust the beam shape or scale the antenna gain to make UE align with both peak EIS and spherical coverage requirement in single AoA case. While this is a good approach, the following factors may require consideration. 

1. With at least two panels required to support two AoA reception, UE implementation impairments should be re-discussed. They may include physical limitations and constraints, such as thermal noise effects, routing losses, and panel interaction (as both are active at the same time), etc.
2. As discussed before, besides the AoA mutual interference, if there is power imbalance between AoA1 and AoA2, its impact on AGC performance of each Rx chain needs to be considered.
3. The antenna performance difference between UE’s V/H element need to be considered in requirement design, as captured in the WF [1].

Proposal 5: 	RAN4 further discusses what additional RF impairments/implementation constraints are to be considered in defining the final RF requirement. 


2.3 NTC vs. ETC
This issue was brought up at the last meeting and there was no agreement yet, as shown below:

3.8 NTC vs ETC 
Motivation:
2AoA spherical coverage requirements shall be verified under normal temperature condition. When coming to spherical coverage requirement of multiple AoAs, due to more complicated test system, it is not only difficult but also not necessary to verify the 2AoA spherical coverage requirements with ETC conditions.  (R4-2307932). 
Agreement: 
FFS. 

As the legacy spherical coverage requirement are required to be verified under normal temperature condition, and the DL fixed power level for the two-AoA requirements is directly reused from the legacy spherical coverage requirement, we believe it is reasonable to consider only the NTC condition for verifying the two-AoA requirement.

Proposal 6: 	The two-AoA spherical coverage requirements are verified only under normal thermal conditions. 


3	Conclusions
In this contribution, we make the following observations and proposals.

Proposal 1: 	It is proposed to have a clear agreement on calibration method before considering the results and defining the final requirement.

Proposal 2: 	The two methods will lead to different UE requirements for the same UE implementation while having no impact on UE real performance. The “combining method” is slightly preferred.

Proposal 3: 	It is up to UE to declare one fixed AoA offset it supports in meeting the core requirement, i.e., Option 3.

Proposal 4: 	RAN4 selects Option 1 to define requirement. 

Proposal 5: 	RAN4 further discusses what additional RF impairments/implementation constraints are to be considered in defining the final RF requirement. 

Proposal 6: 	The two-AoA spherical coverage requirements are verified only under normal thermal conditions. 
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