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1.	Introduction
In previous meetings, views on system & UE assumption, test setup and requirement concept show gradual convergence though there are still many details to be refined. According to work plan in [1], In RAN4#106 meeting, the discussion will be concentrated on requirement concept and simulation, targeting to agree on details pertaining to simulation efforts.
In this contribution, firstly we discuss the test setup remaining issues; and then we share our view on requirement concept; based on that, a simulation assumption for alignment is proposed. 
2. 	Discussion
2.1	test setup
It was identified that test setup is closely coupled with multi-RX DL requirement derivation [2], and the latest agreement is as following which was captured in the approved WF of Toulouse meeting [3]:
	Test set up assumption for UE RF requirement
· Proposals
· Option 1: fixed relative AoA separation: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test. (R4-2218042, R4-2218755)
· [bookmark: _Hlk118857836]Option 2: variable relative AoA separation: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power. (implied in R4-2218528)

Agreement (in chairman notes): 
· Take Option 1 as the starting point
· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test
· Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement



Besides AoA offset values, there are other remaining issues including: 
· which plane the two AoAs are located in the coordination system
· UE orientation w.r.t P0 position in test system
· TE polarization combinations/permutations
2.1.1	AoA angular offset
Fixed relative AoA separation was agreed as starting point and we need to further discuss multiple/single offset value(s).
There are various UE antenna implementations to support Multi-RX DL feature. The basic assumption is two antenna modules while single antenna module is not excluded. Figure 2.2.2-1 shows some implementation examples
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Figure 2.1.1-1. Examples of UE antenna implementations
In variable relative AoA separation test setup, it is feasible for any UE implementation to support Multi-RX DL feature as one of the AoA could be configured within the spherical coverage area of one panel. Under fixed relative AoA separation test setup, it is not possible for multiple UE antenna implementations to support multiple AoA offset values at the same time. Various UE antenna implementations require multiple AoA offset values pool, while a specific UE implementation can only support single AoA offset value.
Observation 1:	Under fixed relative AoA separation circumstances, various UE antenna implementations require multiple AoA offset values pool, while a specific UE implementation can only support single AoA offset value.
So it is reasonable that RAN4 specify a multiple AoA offset values pool, and verify a specific UE based on UE declared AoA offset value from the pool.
Regarding the detailed values in the AoA offset pool, it is an issue involved with both network and UE. And in FR2 testability SI, 30° is confirmed as minimum angular separation (also minimum granularity) based on the limitation of test system capability, and for AoA offset values beyond 150º (up to 180º) is subject to core requirement discussion [4].
From network side, it was agreed in last meeting that “consider AoA setup and deployment scenario as a package”. AoA angular distribution analysis of network deployments show that various AoA offset values are possible while larger AoA offset values are more typical scenarios [5][6]. 180°AoA offset is a typical value which should not be ignored.
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From UE side, 





Figure 2.1.1-2. Large AoA offset values (including 180°) aligned with typical deployment
From UE side, back to back antenna panel implementation are very typical case, and the back to back antenna panel implementation is corresponding to AoA offset value 180°.
In addition, there is no testability issue for 180°AoA offset. There is no more signal blockage from rotation system for 180° offset compared with other offset values; there is no interference between probes as it is TDD communication. More details can be found in our contribution [7] submitted to FR2 testability SI agenda.
Not only there is no testability issue, but also there is additional advantage: full 3D sampling could be achieved for both AoA1 and AoA2 with 180°AoA offset. As explained in section 2.1.2, when AoA offset value is not equal to 0° or 180°, there will be non-full 3D sampling issue for AoA2. But 180°AoA offset has no such issue. Moreover, there is another benefits that 180°AoA offset has no coverage mismatch issue between AoA1 area and AoA2 area as illustrated in Figure 2.2.1-1 in section 2.2.1.
In summary, 180°AoA offset reflects typical deployment scenario, typical UE implementation, without testability issue and with additional advantages of full 3D sampling for both AoAs and no coverage mismatch issue.
Observation 2:	180°AoA offset reflects typical deployment scenario, typical UE implementation, without testability issue and with additional advantages of full 3D sampling for both AoAs and no coverage mismatch issue.
Based on above discussion, it is proposed to specify a multiple AoA offset values pool including values from 30° to 180° with 30° granularity, and the requirements are based on UE declared single AoA offset value from the pool.
Proposal 1:	it proposed to specify a multiple AoA offset values pool as {30°, 60°, 90°, 120°, 150°, 180° }, and the requirements are based on UE declared single AoA offset value from the pool.
2.1.2	Which plane the two AoAs are located
For the AoAs with fixed relative angular offset, there can be different probe location in the coordination system. Many good figures were provided in Keysight contribution [8]. For convenience, part of figure is copied below:
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Figure 2.1.2-1. Non-full 3D sampling of AoA2
When z-axis is pointing to AoA1 (P0), if the AoAs are located in xz plane, there will be non-full 3D sampling of AoA2 but at least half sphere is covered and AoA2 sampling points are on the grid point; if two AoAs are located in yz plane, there will be also non-full 3D sampling of AoA2 and AoA2 sampling points are around equator (theta=90°) and out of grid point. The reason is that the 3D rotation of UE is only effective with respect to z-axis (0° or 180°)
Both xz plane and yz plane has drawbacks. Considering the advantage of xz plane that at least half sphere is covered and AoA2 sampling points are on the grid point, it is preferred to locate the AoAs (probes) in the xz plane.
Proposal 2:	In the coordination system of z-axis pointing to AoA1 (P0), the two AoAs (probes) are suggested to be located in xz plane.
2.1.3	UE orientation w.r.t P0 position in test system
In legacy 1AoA measurement with UE 3D rotation, it does not matter which UE orientation is used as it is full 3D sampling. A default UE orientation is defined and numerous different UE orientations are permitted as described in clause Annex C of TR38.810. Same test results are expected for different UE orientations in theory.
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Figure 2.1.3-1. Reference coordinate system, default UE orientation, other 2 orientation examples (TR38.810)
However, for new 2AoA measurement, especially considering the drawbacks shown in section 2.1.2, different UE orientation lead to different test results. The reason is that different UE orientation has different relative position with the two AoA probes. For example, when z-axis is pointing to AoA1 (P0) and AoA2 is in the xz plane, the AoA pair is always along the longitude great circle, i.e., for default UE orientation, the AoA pair is always along the UE’s top-bottom direction.
Observation 3:	Different UE orientations show same test results in legacy 1AoA system but lead to different test results in new 2AoA system.
There are 6 kinds of UE orientations to be considered w.r.t P0 position (z-axis): 
· UE’s top, or bottom aligned with P0 position (z-axis):
· UE’s left, or right aligned with P0 position (z-axis):
· UE’s front, or back aligned with P0 position (z-axis):
Depending on different UE antenna implementations, suitable orientation need to be matched. Similar to the UE declaration of AoA angular offset, it is necessary for UE to declare its preferred orientation. 
Proposal 3:	UE orientation w.r.t P0 position (z-axis) is based on declaration from the pool {top, bottom, left, right, front, back}

2.1.4	TE polarization combinations/permutations
One more aspect is about TE polarization. In legacy 1AoA system, two DL polarization is considered, i.e.,  polarization and  polarization. When coming to 2AoA system, there will be four kinds of combinations/permutations: 
It is assumed each antenna module only receive DL signal of each layer from each direction with UE RX diversity (H-pol & V-pol diversity), four kinds of combinations/permutations seems redundant and unnecessary burden, it is suggested to test with cross-polarized combinations (AoA1&AoA2 and AoA1&AoA2) to reduce test cases.
Proposal 4:	For downlink polarization, it is proposed to test with cross-polarized combinations (AoA1&AoA2 and AoA1&AoA2) to reduce test cases

2.2	requirement concept
The WF [3] of last meeting encourages further discussion and analysis on following candidate options (other candidate options are not precluded):
	· Option 1: Requirement is based on 2AoA directional sensitivity statistics. 
· Option 1a: Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2). (R4-2218166)
· Option 1b: spherical coverage requirement is defined based one “joint sensitivity”, i.e., . TJ2AS = f(J2ASAoA1, AoA2, J2ASAoA1, AoA2, J2AS AoA1 AoA2, J2AS AoA1, AoA2) for sDCI (R4-2219852)
· Option 1c: Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB (R4-2218874)
· Option 2: Requirement is based on the spherical coverage EIS of AoA1 (which is swept over the full sphere), and a fixed/pre-defined power level for AoA2 (R4-2218166)
· Option 3: 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%. (R4-22218755, R4-22219497)
· Option 4: RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement (R4-2218166)



In the following we share our views from option 1 to option 3 respectively.
2.2.1	Requirements based on 2AoA sensitivity
This method considers to specify Multi-RX spherical coverage requirements with the EIS sensitivity performance of AOA pair, i.e. EIS1 and EIS2.
With fixed relative AoA separation test setup, EIS1 of AoA1 is full-3D measurement but EIS2 of AoA2 is non-full 3D measurement when AOA separation is not equal to 0° or 180°, as illustrated in Figure 2.1.2-1.
Observation 4:	Requirement concept based on 2AoA sensitivity needs to address the issue of non-full 3D measurement for AoA2.
Another issue is also identified which is different from legacy 1AoA measurement. In legacy 1AoA measurement, the constant step size measurement grid can be weighted by sin(theta), but in the new 2AoA measurement, for an AoA pair along the longitude, there is coverage area mismatch issue, e.g. refer to Figure 2.2.1-1, AoA1 near equator it covers more area, AoA2 near pole it covers less area. EIS1 of AoA1 and EIS2 of AoA2 can be weighted with sin(theta) separately. But if requirements are to be specified with AoA pair performance, there seems no way to weighting the pair. The same issue occurs even if using constant density measurement grid.
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Figure 2.2.1-1. Coverage area mismatch between AoA1 and AoA2 (large area near equator, small area near pole)
Observation 5:	Requirement concept based on 2AoA sensitivity needs to address the issue of coverage area mismatch between AoA1 and AoA2, which can not be weighted by sin(theta).


2.2.2	Requirements based on AoA1 sensitivity
This method considers to specify Multi-RX spherical coverage requirements with the EIS sensitivity performance of AOA1 while AoA2 in the pair plays as an anchor. It is similar as the method for spherical coverage of FR2 inter-band DL CA. The test procedure can also be the same as the method of joint 2AoA sensitivity discussed in section 2.2.1. For an AoA pair, both EIS1 of AoA1 and EIS2 of AoA2 are measured, but AoA2 is discarded due to the testability issues shown in section 2.2.1 including the issue of non-full 3Dmeasurement for AoA2 and the issue of coverage area mismatch between AoA1 and AoA2, which can not be weighted by sin(theta).
The advantage of this method is no testability issues, while the disadvantage of this method is that it could not reflect the overall 2AoA performance together.
Observation 6:	Requirement concept based on 1AoA sensitivity has no testability issue but could not reflect the overall 2AoA performance together.
2.2.3	Requirements based on 2AoA Throughput (go no-go)
This method considers to specify Multi-RX spherical coverage requirements with the throughput performance of AOA pair when configured with fixed DL signal power level [9]. 
Throughput metric shows obvious advantage than sensitivity metric in terms of test time. In legacy 1AoA measurement, throughput metric is almost equivalent to sensitivity metric except that throughput metric eliminates the average process in sensitivity metric. For sensitivity metric i.e. EIS of a test point is the average of two EIS values obtained with two downlink polarizations respectively:
EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1
However, with the throughput metric (go no-go method), there are two times throughput test with two downlink polarization respectively and both throughput test need to PASS, which requires UE has no polarization impairment.
When coming to 2AoA measurement context, the same issue is still there. This method assumes UE has no polarization impairment which is often not true for commercial UE especially smart phone form factor. 
Observation 7:	Requirement concept based on 2AoA throughput (go no-go) eliminates the two link polarizations’ average process assuming UE has no polarization impairment.
With fixed relative AoA separation test setup, requirements based on 2AoA pair performance (either sensitivity or throughput) have the same testability issue identified in section 2.2.1.
Observation 8:	2AoA throughput (go no-go) method has the same testability issues as that of joint sensitivity method, i.e. the issue of non-full 3Dmeasurement for AoA2 and the issue of coverage area mismatch between AoA1 and AoA2
Given the great advantage of test time and simplicity, it seems necessary to further study if above issues could be addressed.
Proposal 5:	Further study if following issues could be addressed for the 2AoA throughput (go no-go) method as requirement concept
· the issue of elimination of polarization average
· the issue of non-full 3D measurement of AoA2
· the issue of coverage area mismatch between AoA1 and AoA2
Moreover, different from other method, the go no-go method may leads to much smaller coverage subject to simulation next step. For one test point in the go no-go method, the performance is dominated by the worse AoA, especially if UE need to meet requirements for all angular separations and all UE orientations rather than UE declaration, the spherical coverage area is expected far much smaller than legacy 1AoA performance. 
Observation 9:	For each test point in the go no-go method, the performance is dominated by the worse AoA
It is anyway subject to simulation results. So it is proposed to make convergence on requirement concept after simulation assumption is aligned and simulation results are collected.
Proposal 6:	It is proposed to make convergence on requirement concept after simulation assumption is aligned and simulation results are collected
2.3	simulation assumption
To move forward, a simulation campaign is needed. In order to make sure companies’ simulation results are comparable, it is necessary to align the simulation assumption first of all.
Regarding UE assumption, as introduced in our precious contribution [5], the antenna gain of the two UE panels are usually not balanced, especially for smartphone form factor. The primary antenna usually show better performance than sub-antenna(s). In LTE and NR FR1 MIMO, the main antenna ant0 is assumed with best antenna gain, while ant1~ant3 is assumed with 3~6dB gain drop compared with main antenna. In FR2 testability simulation for measurement grids of spherical coverage, 5dB gain drop is considered for the 2nd panel:
	(cited from G3.1 of TR 38.810)
-	The implementation loss for the antenna near the front is 5dB less than that for the antenna near the back



So it is proposed to assume unbalanced UE antenna gain between antenna modules in simulation.
Proposal 7:	unbalanced antenna gain should be assumed between antenna modules in simulation 
Take the discussions in test setup and requirement concept sections into account, a suggested simulation assumption is summarized in following table: 
Table.1 simulation assumption
	Item
	Simulation assumption
	Note

	Frequency band
	n257/n258/n260/n261
	Antenna performance can be different

	BW
	100MHz
	

	AoA1 location
	P0 (pointing to z-axis)
	

	AoA2 location
	In xz plane
	

	AoA angular offset
	One of {30°, 60°, 90°, 120°, 150°, 180° }
	For a specific UE implementation, assume the one with best simulation results as UE declared

	UE orientation w.r.t P0
	One of {top, bottom, left, right, front, back}
	For a specific UE implementation, assume the one with best simulation results as UE declared

	Measurement Grid
	constant step size grid
	

	TE polarization
	cross-polarized combinations (AoA1&AoA2 and AoA1&AoA2)
	

	# of antenna module
	2 
	unbalanced antenna gain should be assumed for the two 4x1 modules

	array of element antenna in each antenna module
	4x1 (# of total beam: 8,16,32)
	

	Polarization in each module
	2 orthogonal polarization with the same spatial filter
	

	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

	Front cover (Plastic, Glass, Ceramic, Metal)
	Glass
	This information is meaningful only if it’s the same with the material which covers antennas. 

	Back cover (Plastic, Glass, Ceramic, Metal)
	Glass
	

	Side cover / Frame (Plastic, Glass, Ceramic, Metal)
	Metal
	

	Display panel – Full (Y) or Partial (N)
	Y
	

	Bezel Margin
	1.5mm
	Module can’t be placed outer edge of UE to secure mechanical reliability

	Requirement concept
	2AoA throughput (go no-go) as default, sensitivity based options are not precluded
	

	Simulation output
	X dBm @50%-tile, 
and/or, 
Y% @legacy EIS spherical coverage value
	



The simulation assumption table can be refined and add more items based on discussion during meeting, and it is better to align the simulation assumption in this meeting.
Proposal 8:	it is proposed to align simulation assumption before companies share simulation results, and the simulation assumption summarized in Table 1 can be taken as a starting point.
When deriving the Rel-15 spherical coverage requirements, both simulated data and measured data are taken into consideration, however, for multi-RX there is no measurement available yet. One alternative way is to validate the simulation based on legacy 1AoA measurement data firstly. Companies may perform simulation based on own implementation and the implementation may have measurement data with legacy 1AoA which satisfy the legacy peak EIS spec and legacy spherical EIS spec, in such case, it has to make sure the legacy 1AoA simulation results are aligned with 1AoA measurement data or make calibration between simulation and measurement to validate the simulation platform. Companies may also perform simulation based on the assumed ideal pattern without thoroughly considering commercial UE impairment, in such case it is proposed to calibrate the simulation baseline by 1AoA simulation results aligned with the legacy peak EIS spec and legacy spherical EIS spec respectively.
Proposal 9:	It is proposed to calibrate the simulation baseline with legacy 1AoA measurement, or legacy peak EIS spec and legacy spherical EIS spec.
3. 	Conclusion
Observation 1:	Under fixed relative AoA separation circumstances, various UE antenna implementations require multiple AoA offset values pool, while a specific UE implementation can only support single AoA offset value.
Observation 2:	180°AoA offset reflects typical deployment scenario, typical UE implementation, without testability issue and with additional advantages of full 3D sampling for both AoAs and no coverage mismatch issue.
Proposal 1:	it proposed to specify a multiple AoA offset values pool as {30°, 60°, 90°, 120°, 150°, 180° }, and the requirements are based on UE declared single AoA offset value from the pool.
Proposal 2:	In the coordination system of z-axis pointing to AoA1 (P0), the two AoAs (probes) are suggested to be located in xz plane.
Observation 3:	Different UE orientations show same test results in legacy 1AoA system but lead to different test results in new 2AoA system.
Proposal 3:	UE orientation w.r.t P0 position (z-axis) is based on declaration from the pool {top, bottom, left, right, front, back}
Proposal 4:	For downlink polarization, it is proposed to test with cross-polarized combinations (AoA1&AoA2 and AoA1&AoA2) to reduce test cases
Observation 4:	Requirement concept based on 2AoA sensitivity needs to address the issue of non-full 3D measurement for AoA2.
Observation 5:	Requirement concept based on 2AoA sensitivity needs to address the issue of coverage area mismatch between AoA1 and AoA2, which can not be weighted by sin(theta).
Observation 6:	Requirement concept based on 1AoA sensitivity has no testability issue but could not reflect the overall 2AoA performance together.
Observation 7:	Requirement concept based on 2AoA throughput (go no-go) eliminates the two link polarizations’ average process assuming UE has no polarization impairment.
Observation 8:	2AoA throughput (go no-go) method has the same testability issues as that of joint sensitivity method, i.e. the issue of non-full 3Dmeasurement for AoA2 and the issue of coverage area mismatch between AoA1 and AoA2
Proposal 5:	Further study if following issues could be addressed for the 2AoA throughput (go no-go) method as requirement concept
· the issue of elimination of polarization average
· the issue of non-full 3D measurement of AoA2
· the issue of coverage area mismatch between AoA1 and AoA2
[bookmark: _GoBack]Observation 9:	For each test point in the go no-go method, the performance is dominated by the worse AoA
Proposal 6:	It is proposed to make convergence on requirement concept after simulation assumption is aligned and simulation results are collected
Proposal 7:	unbalanced antenna gain should be assumed between antenna modules in simulation 
Proposal 8:	it is proposed to align simulation assumption before companies share simulation results, and the simulation assumption summarized in Table 1 can be taken as a starting point.
Proposal 9:	It is proposed to calibrate the simulation baseline with legacy 1AoA measurement, or legacy peak EIS spec and legacy spherical EIS spec.
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