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1. Introduction
This contribution outlines our views on various testing aspects of multi-AoA Rx testing. 
2. [bookmark: _Ref31104997]Discussion
In [1], a new Study Item (SI) was endorsed to define test methodologies for UE RF/demodulation/RRM testing to support reception of DL signals simultaneously from multiple Angles of Arrival (AoAs). This SI directly supports the Work Item (WI) in [2] with testability aspects to eventually enable testing of 4-layer MIMO reception which states [2]:
	“The existing Rel-15 NR FR2 minimum UE requirements are defined with an assumption that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. Furthermore, the UE performance requirements are limited for DL MIMO rank 1 and 2. In FR2, 4-layer MIMO reception requires beam reception from at least two directions. Although this is supported by the MIMO features since Rel-15, no performance requirements have yet been specified.” 
and
“This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved RF, RRM and UE demodulation performance.”


In RAN4#104-e, the first meeting of the SI, discussions were held whether to support testing with “full degree of rotation freedom,” i.e., any permutation of possible AoAs shall be supported. Against the advice from various TE vendors, the work plan was adjusted to include the investigation of “Evaluate the feasibility of supporting 2AoAs with full degrees of freedom” in the next two RAN4 meetings. TE vendors [3][4][5] provided analyses on the feasibility of full degrees of freedom and made the recommendation not to consider this approach feasible
	Proposal 1 (R4-2215540): Do not deem a 4-DL (4-UL) spherical coverage test with full degrees of freedom for each AoA feasible for complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons.
Cons (R4-2215711):	Completely new design with the most complicated structure from the existing RF OTA test systems in the market which will delay the release of dedicated test systems (since the current OTA test system for 1AoA is basically designed based on the combined axes system). 
Remarks (R4-2215711):	Completely full rotational degrees of freedom cannot be supported considering a constraint of reflector size in a case where the reflectors come close (e.g. Not possible to come close the reflectors less than 30 degrees’ relative angle.) To avoid the interference from the other reflector, care must be taken not to face both reflectors while measuring simultaneously from 2 AoAs.
Proposal 1 (R4-2216642): RAN4 to consider the implementation of a system enabling full degrees of freedom for 2 active AoA not feasible.





Based on feedback from received during RAN4#104-bis-e, it was concluded to not pursue this approach in Rel-18 [6][7], i.e., 
	[bookmark: _Hlk116848839]Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
· Agreements:
· The measurement setup with full degree of freedom for 2AoAs is not pursued in Rel-18 based on the feedback from TE vendors and considerations on test complexity. Capture the analysis on the feasibility of measurement setup with full degree of freedom for 2AoAs in the TR.


even though it was not explicitly stated/captured why and other test setups with the same limitations were considered for further consideration.
[bookmark: _Ref117704234]Observation 1: The reason(s) why the full degrees of freedom for 2 AoAs are not pursued were not explicitly captured in the summary [6] or WF [7]. 
Prior to capturing the various analyses in a TR, it is proposed to capture the following reasons for not pursuing the full degrees of freedom for 2 AoAs in Rel-18: complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons
[bookmark: _Ref117704250]Proposal 1: Capture the following reasons for not pursuing the full degrees of freedom for 2 AoAs in Rel-18: increased system complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons.


3. Offset between AoA1 and AoA2
One relatively new system aspect observed and discussed during RAN4#104-bis-e was the offset between AoA1 and AoA2. Three different options were considered in the WF [7]
	Issue 1-1-2: Offset between AoA1 and AoA2
· Proposals: It is suggested to further discuss the following options and to align the understanding between test method SI and core requirements WI:
· Option 1: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing mapping to option 2a in issue 1-2-1
· Option 2: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing mapping to option 2b in issue 1-2-1
· Option 3: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2 mapping to option 2c in issue 1-2-1



To illustrate the differences between these three options, an example DUT with a beam peak in the DUT’s y direction in is further considered as shown in Figure 1. 
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[bookmark: _Ref117537942]Figure 1: Sample DUT with assumed beam peak in the DUT’s y direction 
One sample system implementation/architecture (#1) is illustrated in Figure 2. In this alignment option and common default DUT orientation, the DUT coordinate system (shown with red, blue, and green arrows) and the chamber coordinate system (shown with dark grey arrows) are fully aligned in the initial test condition with (q, f) = (0°, 0°) referenced with respect to the fixed AoA1 probe placed towards the z axis. Given the 2-axis positioning system for the DUT (shown with the yellow arrows next to the DUT), this probe has full degrees of freedom while the other probe, AoA2, placed initially towards the y axis in Figure 2 can be positioned according to the three options considered. 
Another sample system implementation/architecture (#2) is illustrated in Figure 3. In this alignment option and default DUT orientation, the DUT coordinate system and the chamber coordinate system are aligned in the initial test condition with (q, f) = (0°, 0°) referenced towards the system z axis. Unlike architecture #1, the DUT does not have a 2-axis positioning system as the AoA1 probe now has a 2-axis positioning system to enable full degrees of freedom for AoA1 while the other probe, AoA2, has a fixed position but since the DUT is not rotating, the relative orientation between DUT and AoA2 is fixed, i.e., this system implementation/architecture follows offset option 2. 
For the sample 2 AoA system architectures, just a single AoA2 probe is shown but it is not precluded to have multiple AoA2 probes.
[image: ]
[bookmark: _Ref117592398]Figure 2: Sample 2 AoA system architecture #1 with example DUT
[image: ]
[bookmark: _Ref117671007]Figure 3: Sample 2 AoA system architecture #2 with example DUT

The three offset options are illustrated for the sample DUT for two different DUT orientations/test points in Table 1 for the sample 2 AoA system architecture #1 and offset option 2 is illustrated in Table 2 for the sample 2 AoA system architecture #2. The difference between the three offset options is that
· For option 1, the AoA2 probe is permanently fixed towards the y axis, i.e., the angular difference between AoA1 and AoA2 is a constant 90° and the AoA2 probe cannot track/follow a DUT’s reference direction, e.g., beam peak, during testing 
· For option 2 and sample 2 AoA system architecture #1, the AoA2 probe has full degrees of freedom, i.e., the angular difference between AoA1 and AoA2 is arbitrary and the AoA2 probe can track/follow the DUT’s beam peak during testing while for sample 2 AoA system architecture #2, the relative angular relationship between AoA2 and the DUT is fixed but due to the lack of full degree of freedom, AoA2 probe cannot track/follow a DUT’s reference direction, e.g., beam peak, during testing
· For option 3, the AoA2 probe has one degree of freedom coupled with one DUT’s positioner axis, i.e., the angular difference between AoA1 and AoA2 is neither completely arbitrary nor fixed and the AoA2 probe cannot track/follow DUT’s reference direction, e.g., beam peak, during testing
As noted above, Options 1 and 3 cannot track/follow a DUT’s reference direction, e.g., beam peak or direction that meets the 1-DL EIS spherical coverage requirement, while Option 2 can for some system implementations but not for others. It is not clear what the advantage of Option 3 is over Option 1 in terms of technical or “real world” aspects. Also, if the offset option 2 does not necessarily allow tracking of a DUT’s reference direction, it is not clear what the advantage of this option is over the other options. 
[bookmark: _Ref117704235]Observation 2: The offset options 1 and 3 cannot track/follow a DUT’s reference direction while Option 2 could for some system implementations 
[bookmark: _Ref117704236]Observation 3: There is no clear advantage (technical, realization of “real world”) of offset option 3 over option 1
[bookmark: _Ref117704237]Observation 4: If offset option 2 does not necessarily allow tracking of a DUT’s reference direction, it is not clear what the advantage of this option is over the other options
Considering that gNBs are primarily fixed in space as illustrated in Figure 4, i.e., the angular relationship between gNBs is fixed (offset option 1), it is not clear why Option 1 does not correlate to the most “real-world like” behaviour. 
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[bookmark: _Ref117679553]Figure 4: Example DUT surrounded by fixed gNBs
[bookmark: _Ref117704238]Observation 5: Offset option 1 should correlate to the most “real-world like” behaviour



[bookmark: _Ref117593273]Table 1: Illustration of offset options 1 through 3 with sample DUT and sample 2 AoA system architecture #1
	DUT Orientation 
(q, f)
	Offset Option 1
	Offset Option 2
	Offset Option 3

	(0°, 0°)
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	[image: ]
	[image: ]

	(45°, -45°)
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	[image: ]
	[image: ]




[bookmark: _Ref117677905]Table 2: Illustration of offset options 2 with sample DUT and sample 2 AoA system architecture #2
	DUT Orientation 
(q, f)
	Offset Option 2

	(0°, 0°)
	[image: ]

	(45°, -45°)
	[image: ]



4. Measurement Setup for UE RF Testing
A number of options were discussed in RAN4#104-bis-e [6] but in the end, only some options were selected for further discussions [6][7] which are further summarized in Table 3. 
[bookmark: _Ref117601374]Table 3: Illustration of Measurements Setup Options 2a, 2b, 2c, and 3 for UE RF Testing 
	
	Setup Option 2a
	Setup Option 2b
	Setup Option 2c
	Setup Option 3

	Description
	Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2
	Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2
	Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2, e.g., Relative angular separation between Anchor and DUT kept constant in Theta but not Phi
	Full rotational freedom for AoA1 and with fixed single (or two) AoA(s) as an anchor

	Example Illustrations
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	Offset Option
	Option 1
	Option 2
	Option 3
	Option 3



4.1 Measurement Setup for UE RF Testing: Option 2a
The measurement setup option 2a was discussed in more detail in [3]. Thus, only the key aspects will be repeated here. As highlighted in Table 3, this setup option corresponds to offset option 1, i.e., AoA2(s) have fixed angular offsets with AoA1.
As discussed in [3], this setup option has relatively low complexity and existing test systems, e.g., 2 AoA RRM or FR2 MIMO, can be re-used/leveraged. However, in order for two different test systems to yield the same spherical coverage test results, the fixed offset probe directions need to be defined and harmonized between system vendors. More detailed justification for harmonizing the probe locations is provided in Annex A. 
[bookmark: _Ref117704251]Proposal 2: For measurement setup option 2a, absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results.
The pros and cons of measurement setup option 2a are summarized in Table 4. It is proposed to consider this Setup 2a as baseline for multi-Rx UE RF testing.
[bookmark: _Ref118461421][bookmark: _Ref117704252]Proposal 3: Consider the measurement setup option 2a, summarized in Table 4, as baseline for multi-Rx UE RF testing
[bookmark: _Ref117666320]Table 4: Overview of Measurement Setup Option 2a
	
	Measurement Setup Option 2a

	Description
	Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2

	Example Illustrations
	[image: ]
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	Offset Option
	Option 1 (Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing)

	Pros
	· System complexity is manageable
· Existing systems, e.g., 2 AoA FR2 RRM or FR2 MIMO OTA can be re-used (as long as common AoA2 probe locations are defined)
· Small chamber footprint/chamber heights
· Little to no development time/TTM
· Little to no impact in MU
· Multiple AoA1/AoA2 combinations can be tested
· A wide range of angular difference between AoA1 and AoA2 can readily be tested
· IFF methodology can be applied for each AoA probe for lowest MU and widest applicability.

	Cons
	· AoA2 cannot follow/track a specific reference direction




4.2 Measurement Setup for UE RF Testing: Option 2b
The measurement setup option 2b was introduced in [6]. As highlighted in Table 3, this setup option corresponds to offset option 2, i.e., AoA2(s) have variable angular offsets with the DUT during the testing.
Regardless of system implementation/architecture, at least one of the probes must utilize a 2-axis positioning system for full degrees of freedom. The analyses for such system setup are very similar to the systems with full degrees of freedom for two AoAs in [3]. Example measurement setups are shown in Figure 5 for the DFF methodology (on left) and the IFF methodology (on right). 
[image: ][image: ]
[bookmark: _Ref117683459]Figure 5: Example DFF (left)/IFF (right) measurement setup to support full degrees of freedom with two-axis positioning system for one probe. 
It should be noted that no positioning architecture/details are included either of these figures as they are immaterial to the discussions and are up to the system provider. The full degree of rotation freedom is highlighted with the yellow arrows behind each DFF probe/IFF probe&reflector combination. The positioning requirements to accurately position a probe along two principal axes in 3D yield a very high positioning complexity.
[bookmark: _Ref117704239]Observation 6: The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity
Size (width/depth/height) estimations were performed for such DFF/IFF systems supporting the FR2-1 frequency range and devices up to a 40 cm diameter (40 cm QZ) which are tabulated in Table 5 for two different system architectures considered. The system implementation with AoA1 supporting the 2-axis positioner and with a single or multiple AoA2 probe(s), see Figure 2b-1b [7] or top illustration in Table 4 would require even larger systems since AoA2 probe(s) must be placed behind AoA1 probe as shown in Figure 6. 
[image: ]
[bookmark: _Ref117689127]Figure 6: Illustration of IFF (left)/DFF (right) back-to-back probe placement.
Obviously, the increase in chamber sizes (footprint and heights) when compared to existing FR2 UE RF chambers is significant and existing chambers are not upgradable to support the full degrees of freedom/2-axis position system for one AoA. Additionally, the lead times to develop such systems with full degrees of freedom could be quite significant and could thus delay the commercial adoption of these test cases. Last but not least, the overall system complexities of such systems could further require an increase in measurement uncertainties (MUs) and thus test tolerances (TTs). In other words, this measurement setup option 2b yields the same concerns as the system supporting the full degrees of freedom for two AoAs which is no longer considered. 

[bookmark: _Ref117683858]

[bookmark: _Ref117696723]Table 5: Size estimates for UE RF systems supporting measurement setup option 2b.
	                               Size
Test Method
	System Architecture
	Width [m]
	Depth [m]
	Height [m]

	DFF
	[image: ]
	3.2
	3.2
	3.2

	IFF
	
	4.4
	4.4
	4.4

	DFF
	[image: ]
	3.6
	3.6
	3.6

	IFF
	
	6.6
	6.6
	6.6


[bookmark: _Ref117697001][bookmark: _Ref117704240][bookmark: _Ref117704344][bookmark: _Ref117704241]Observation 7: Measurement setup 2b requires very large footprints and heights of chambers, significant development lead times, and cannot be upgraded from existing test systems. 
[bookmark: _Ref117697007][bookmark: _Ref117704243]Observation 8: Measurement setup 2b likely yields an increase in total system complexity, measurement uncertainties, and test tolerances. 


[bookmark: _Ref117704117]Table 6: Overview of Measurement Setup Option 2b using FF probes
	
	Measurement Setup Option 2b

	Description
	Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2. Both AoA1 and AoA2 are placed in the FF. 

	Example Illustrations
	[image: ][image: ]


	Offset Option
	Option 2 (Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing)

	Pros
	· The link/measurement conditions of AoA2 can be fixed during the testing

	Cons
	· Very high system complexity
· Existing systems cannot be re-used
· Large/very large chamber footprint/chamber heights
· Long development time/TTM
· AoA2 can be blocked by AoA1
· Increase in MU/TT
· AoA2 cannot necessarily follow/track a specific reference direction 


[bookmark: _Ref117704253]For system architectures following setup option 2b with multiple fixed FF AoA2 probes instead of AoA2 achieving full degrees of freedom, the absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results.
[bookmark: _Ref117757371]Proposal 4: For system architectures following setup option 2b with multiple fixed AoA2 probes instead of AoA2 achieving full degrees of freedom, the absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results.
[bookmark: _Ref117757372]Proposal 5: Do not consider the measurement setup option 2b using FF probes, summarized in Table 6, for multi-Rx UE RF testing for the same reasons the full degrees of freedom for both AoAs is no longer pursued.
When the AoA2 probe/anchor probe is placed in the NF while supporting offset option 2, i.e., variable angular relationship with between AoA2 and the DUT, different system aspects have to be taken into account. A sample measurement setup is shown in Figure 7 where both AoA1 (in FF) and AoA2 (in NF) have full degrees of freedom. An example implementation with the anchor probe mounted to the roll motor with independent positioning control (purple arrows) is shown in Figure 8. 

It should be noted that link antennas used in existing systems commonly do not have completely independent positioning control to support the full degrees of freedom. Link antennas are traditionally used to introduce an auxiliary communication link between the gNB and the DUT to avoid poor signal conditions in the non-tested DL or UL (for UL or DL measurements) and thus dropped calls. As no calibrated measurements are performed over this link, this signal path is generally never calibrated and the positioning and link probe requirements are very relaxed, e.g., large positioning uncertainty of the link antenna are acceptable, and the link antenna can be a low performance antenna coupler. Hence, such link antenna setups are not suitable for UE RF measurements.
[bookmark: _Ref118205384][bookmark: _Ref118213482]Observation 9: The setup in OTA test systems used for link antennas placed in the NF of the DUT is commonly uncalibrated and not suitable for accurate UE RF measurements.
In the completed ‘Study on enhanced test methods for FR2 UEs’ Study Item [8], NF methodologies for single-UL and DL were investigated and eventually considered permitted methodologies for FR2 test cases that currently require large relaxations in RAN5 technical specifications. The EIS/EIRP measurements in the immediate NF require very accurate positioning of the NF probe, a high-end antenna probe, and the NF antenna pattern characterization. Given the need for accurate positioning and relatively large NF probe antennas supporting two principal polarizations, these antenna(s) and fixturing will result in significant blocking in various AoA1 measurement directions. 
[bookmark: _Ref118213483]Observation 10: Measurements in the NF require very accurate positioning of the NF probe, a high-end antenna probe, and the NF antenna pattern characterization, and cause blocking.
More importantly, to accurately determine EIS in the NF, it is required to calibrate out the offset of the active DUT antenna from the centre of QZ to account for the correct path loss between the NF measurement probe and the active antenna. This offset can either be determined using a set of measurements which need to be performed for each AoA1 measurement direction (black box approach of CFFNF in Clause 5.1.4 of [8]) or based on a rather extensive vendor declaration, e.g., location of all antenna panels and which antenna is active for any given measurement direction. 
[bookmark: _Ref118205390][bookmark: _Ref118213484]Observation 11: Accurate EIS measurements in the NF require the unknown offset of the active antenna array to be measured using test-time intensive algorithms (for spherical coverage test case) or very extensive vendor declarations (location of all antenna panels and which antenna is active for any given measurement direction).
Applying these NF findings to multi-Rx UE RF testing has the following implications:
· The vendor declaration would require the exact location of all active antenna pairs for each AoA2 probe direction, i.e., an even more extensive vendor declaration than for single DL EIS measurements
· The NF probe needs to guarantee the same DL conditions to both active DUT receivers as a FF probe would since UE RF requirements are defined in the FF
The latter argument is taken a from a discussion on transferring a link from FF to NF in [6] and should be directly applicable here
	The idea to transfer the first link to a ‘link antenna’ poses some challenges: for example, let us say that the desired test condition is to test from far -field AoA1 (TRP1) and far-field AoA2 (TRP2). The UE has receivers R1 and R2 assigned to TRP1 and TRP2, respectively. In the desired test condition, TRP1 would generally be visible to the UE through both R1 and R2 at some power levels P1 and P2. If TRP1 must now be transferred to a different antenna (‘link antenna’), can the original power levels P1 and P2, and their relative phase be recreated exactly at both receivers? For the link transfer method to be valid, when TRP1 is transferred to the link antenna, this link antenna needs to guarantee the same DL conditions to R1 and R2 as the original far field DL antenna at AoA1



[bookmark: _Ref118213485]Observation 12: Setup 2b with an AoA/anchor probe placed in the NF requires extensive vendor declarations (exact location of all active antenna pairs for each AoA2 probe direction), needs to guarantee the same DL conditions to both active DUT receivers as a FF probe, very accurate AoA2 fixturing, a high-end antenna probe, and the NF antenna pattern characterization

[image: ]
[bookmark: _Ref118202569]Figure 7: Example Measurement Setup 2b with AoA2/Anchor in NF

[image: ]
[bookmark: _Ref118204361]Figure 8: Example Implementation of Measurement Setup 2b with AoA2/Anchor in NF

[bookmark: _Ref118205231]Table 7: Overview of Measurement Setup Option 2b using FF probe for AoA1 and NF probe for AoA2
	
	Measurement Setup Option 2b

	Description
	Full degrees of freedom for AoA1, placed in FF, with variable angular offset(s) between AoA1 and AoA2, placed in NF

	Example Illustrations
	[image: ]


	Offset Option
	Option 2 (Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing)

	Pros
	· Existing systems could potentially be re-used after some modifications

	Cons
	AoA1 in FF with AoA2 probe(s)s in the NF
· Blocking of AoA1 in various directions by AoA2 probes
· Existing link antennas are not applicable; instead, very accurate positioning of the NF probe(s), high-end antenna probe(s), and the NF antenna pattern characterization are required
· Test-time intensive algorithms required to determine unknown offset of active antenna array(s) or 
· Very extensive vendor declarations (location of all antenna panels and which sets of antenna panels are active for any given AoA2 measurement direction)
· The NF probe needs to guarantee the same DL conditions to both active DUT receivers as a FF probe would


[bookmark: _Ref118213491]Proposal 6: Do not consider the measurement setup option 2b using FF and NF probes, summarized in Table 7, for multi-Rx UE RF testing.


4.3 Measurement Setup for UE RF Testing: Option 2c
The measurement setup option 2c was introduced in [6]. As highlighted in Table 3, this setup option corresponds to offset option 3, i.e., variable angular offset(s) between AoA1 and AoA2.
When all AoA1 and AoA2 probes are located in the FF, the system complexity becomes a little bit more manageable for the AoA2 positioner as AoA2 does not need to support full degrees of freedom; given the potentially large radial movements of AoA2 probe(s), the positioning complexities can still be pretty significant. As shown and noted in the example illustration of this option in Table 8, the AoA1 and AoA2 probes need to be displaced from each other to avoid collisions, i.e., the chamber size estimates need to take the back-to-back probe placement illustrated in Figure 6 into account. As such, the size estimates for measurement setup 2c with all probes in the FF are likely in the order of those listed in the last two rows of Table 5. It can therefore be concluded that this option (with all probes in the FF) requires very large chambers, rather complex positioning needs for AoA2, lacks the ability to re-use existing test systems, and likes yields an increase of MUs and TTs. 
[bookmark: _Ref117704244]Observation 13: Option 2c with all probes in the FF has very similar disadvantages as those of Option 2b (Observation 7 through Observation 8), i.e., requires very large chambers, rather complex positioning needs for AoA2, lacks the ability to re-use existing test systems, and likes yields an increase of MUs and TTs
When AoA2 probes are placed in the NF of the DUT, e.g., using one or multiple link antennas as illustrated in the example illustration of in Table 8, similar aspects considered in the previous section apply here. The immediate seemingly advantage is that existing test systems could be used with some modifications to link antenna setups. However, as outlined in the previous section, there are various disadvantages and testing considerations that need to be taken into account when AoA2/anchor probe is in the NF. 
[bookmark: _Ref118213486]Observation 14: The observations made in Observation 9 through Observation 11 for Setup 2b directly apply to Setup 2b with AoA2 placed in the NF. 
[bookmark: _Ref117704248]Observation 15: Setup 2c with AoA2 probe(s) placed in the NF requires extensive vendor declarations (exact location of all active antenna pairs for each AoA2 probe direction), needs to guarantee the same DL conditions to both active DUT receivers as a FF probe, very accurate AoA2 fixturing, a high-end antenna probe, and the NF antenna pattern characterization. 

[bookmark: _Ref117696066]Table 8: Overview of Measurement Setup Option 2c
	
	Measurement Setup Option 2c

	Description
	Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2, e.g., Relative angular separation between Anchor and DUT kept constant in Theta but not Phi

	Example Illustrations
	[image: ]
[image: ]


	Offset Option
	Option 3 (Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2)

	Pros
	AoA1 & AoA2 probes in the FF
· N/A
AoA1 in FF with AoA2 probe(s)s in the NF
· Existing systems could potentially be re-used after some modifications

	Cons
	AoA1 & AoA2 probes in the FF
· High system complexity
· Existing systems cannot be re-used
· Large/very large chamber footprint/chamber heights
· Long development time/TTM
· AoA2 cannot follow/track a specific reference direction 
AoA1 in FF with AoA2 probe(s)s in the NF
· Blocking of AoA1 in various directions by AoA2 probes
· Existing link antennas are not applicable; instead, very accurate positioning of the NF probe(s), high-end antenna probe(s), and the NF antenna pattern characterization are required
· Test-time intensive algorithms required to determine unknown offset of active antenna array(s) or 
· Very extensive vendor declarations (location of all antenna panels and which sets of antenna panels are active for any given AoA2 measurement direction)
· The NF probe needs to guarantee the same DL conditions to both active DUT receivers as a FF probe would
· AoA2 cannot follow/track a specific reference direction 


[bookmark: _Ref117757373][bookmark: _Ref117704254]Proposal 7: For system architectures following setup option 2c, the absolute probe locations and range of motion must be defined to guarantee different system vendors yield the same UE RF test results.
[bookmark: _Ref117757374]Proposal 8: Do not consider the measurement setup option 2c, summarized in Table 8, for multi-Rx UE RF testing


4.4 Measurement Setup for UE RF Testing: Option 3
The measurement setup option 3 was introduced in [6]. As highlighted in Table 3, this setup option corresponds to offset option 3, i.e., partial freedom of variable angular offset between AoA1 and AoA2. The difference between setups 2c and 3 is not very clear but it is assumed based on the original discussion/proposal of this option in [6] that the AoA2 probes/anchor(s) were applicable to the NF locations only. 
The same observations made on the NF nature of the AoA2 probe(s)/anchor(s) in Option 2b and 2c are applicable here for Option 3, i.e., Observation 9 through Observation 11.
[bookmark: _Ref117704249]Observation 16: Setup 3 with AoA2 probe(s) placed in the NF requires extensive vendor declarations (exact location of all active antenna pairs for each AoA2 probe direction), needs to guarantee the same DL conditions to both active DUT receivers as a FF probe, very accurate AoA2 fixturing, a high-end antenna probe, and the NF antenna pattern characterization. 
[bookmark: _Ref117704181]Table 9: Overview of Measurement Setup Option 3
	
	Measurement Setup Option 3

	Description
	Full rotational freedom for AoA1 and with fixed single (or two) AoA(s) as an anchor

	Example Illustrations
	[image: ]
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	Offset Option
	Option 3 (Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2)

	Pros
	· Existing systems could potentially be re-used after some modifications

	Cons
	AoA1 in FF with AoA2 probe(s)s in the NF
· Blocking of AoA1 in various directions by AoA2 probes
· Existing link antennas are not applicable; instead, very accurate positioning of the NF probe(s), high-end antenna probe(s), and the NF antenna pattern characterization are required
· Test-time intensive algorithms required to determine unknown offset of active antenna array(s) or 
· Very extensive vendor declarations (location of all antenna panels and which sets of antenna panels are active for any given AoA2 measurement direction)
· The NF probe needs to guarantee the same DL conditions to both active DUT receivers as a FF probe would
· AoA2 cannot follow/track a specific reference direction 


[bookmark: _Ref117757375][bookmark: _Ref117704255]Proposal 9: For system architectures following setup option 3, the absolute probe locations and range of motion must be defined to guarantee different system vendors yield the same UE RF test results.
[bookmark: _Ref117757376]Proposal 10: Do not consider the measurement setup option 3, summarized in Table 9, for multi-Rx UE RF testing
4.5 Measurement Setup for UE RF Testing: Option 4
The measurement setup options 4 were discussed in [6] but it was further concluded in [6][7] that these setups are not “favoured solutions” and “Option 4 low priority, which only can be considered if no other feasible solutions.” Both approaches require a test mode: Option 4a would require a brand-new test mode while Option 4b would require a modification of the existing UBF test mode. 

As discussed in [6], these options likely require very high test times and with NF probes proposed in either approaches, they yield the same concerns with NF probes discussed earlier, i.e., Observation 9 through Observation 11.

Since measurement setup 2a is considered as a suitable/feasible baseline and given the known disadvantages of Option 4, it is proposed to no longer consider Option 4. 
[bookmark: _Ref118713350]Proposal 11: Do not consider the measurement setup option 4 for multi-Rx UE RF testing


5. Minimum and Maximum Angular Separation between Probes
Some discussions were held during the last meeting on the AoA separations [6][7] with more discussions deferred to RAN4#105
	Issue 1-2-3: AoA angular separations for UE RF testing
· Agreement: 
· Companies can share the views on the possible min angular separation for the potential solutions listed in Issue 1-2-1 from testability point of view. The target is to consider a wide range of AoA angular separations between AoA1 and AoA2.


As outlined in [3], due to the finite size of the probes, the minimum angular separation between probes will be limited to prevent collisions and thus prevent a “full” degree of rotation freedom of one AoA unless probes are placed back-to-back as illustrated in Figure 6 which introduces blocking effects. 
The minimum angular separation between neighbouring reflectors is larger than the minimum separation between two regular millimeter-wave probes as illustrated in Figure 9. It is estimated that the minimum angular separation between two IFF probes is about 30° while the minimum angular separation between two DFF probes is about 5°. 
[bookmark: _Ref115103594][bookmark: _Ref117768208]Observation 17: The minimum angular separation between IFF probes is ~30° while the minimum angular separation between DFF probes is ~5°.
[image: ]
[bookmark: _Ref115099025]Figure 9: Illustration of minimum angular separations between IFF (top) and DFF probes.

The maximum angular separation between probes could be as large as 180°. However, this angular separation would result in significant blocking between one AoA probe and the DUT positioner, as illustrated in Figure 10, and the line-of-sight path between both probes also introduce a significant amount of coupling. It is therefore suggested to limit the maximum angular separation between probes/AoAs to 150° (blue reflector/probe in Figure 10) and the minimum angular separation between probes/AoAs to 30° (red reflector/probe in Figure 10) while considering the IFF and DFF methodologies for min and max angular separations.
[image: ]
[bookmark: _Ref117762874]Figure 10: Illustration of minimum and maximum proposed angular separations.
[bookmark: _Ref117768209]Proposal 12: Limit the maximum angular separation between probes/AoAs to 150° and the minimum angular separation between probes/AoAs to 30°


6. Polarization Combinations/Permutations
No decision has been made yet on the polarization combinations/permutations necessary for AoA1 and AoA2 [10]. Four different combinations for the 2-DL Rx test are possible as illustrated in Table 10 for AoA1 and AoA2 placed within the yz plane and in Table 11 for AoA1 and AoA2 placed within the xz plane, i.e., (AoA1q, AoA2q), (AoA1q, AoA2f), (AoA1f, AoA2q), (AoA1f, AoA2f). 
[bookmark: _Ref117783879]Table 10: Possible Polarization Combinations/Permutations between AoA1 and AoA2 with AoA2 probe within yz plane
	
	q-Pol. for AoA1 (AoA1q)
	f-Pol. for AoA1 (AoA1f)

	q-Pol. for AoA2 (AoA2q)
	[image: ]
	[image: ]

	f-Pol. for AoA2 (AoA2f)
	[image: ]
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	Note: The polarizations at the poles are ambiguous; the AoA1 q/f polarization was selected arbitrarily


[bookmark: _Ref118316367]


[bookmark: _Ref118718880]Table 11: Possible Polarization Combinations/Permutations between AoA1 and AoA2 with AoA2 probe within xz plane
	
	q-Pol. for AoA1 (AoA1q)
	f-Pol. for AoA1 (AoA1f)

	q-Pol. for AoA2 (AoA2q)
	[image: ]
	[image: ]

	f-Pol. for AoA2 (AoA2f)
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	Note: The polarizations at the poles are ambiguous; the AoA1 q/f polarization was selected arbitrarily


The proposal in [10] to limit the polarizations to the cross-polarized combinations (AoA1q&AoA2f and AoA1f&AoA2q) effectively reduces the overall test time by ½. 
[bookmark: _Ref118213492]Proposal 13: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors.

7. Multi-AoA Demodulation Testing
The measurement setup for demodulation testing was discussed in RAN4#104-bis-e but took second priority to UE RF [6][7]. The same probe offset options were proposed to for consideration for demodulation testing. 
	[bookmark: _Hlk116848926]Issue 1-4-1: Measurement setup for UE demodulation testing 
· Proposals
· Option 1: Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
· Option 1a: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing mapping to option 2a in issue 1-2-1
· Option 1b: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing mapping to option 2b in issue 1-2-1
· Option 1c: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2 mapping to option 2c in issue 1-2-1 
· Option 2: Seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions




It is highly desirable to leverage the UE RF test system/setup for demodulation testing as it was done for 1 AoA testing. As stated in [3], we feel confident that the proposed UE RF setup in Setup 2b (Proposal 3) is applicable for demodulation testing based on our experiences with wireless cable modes in LTE/FR1 and 4-DL MIMO with test systems that utilize limited sets of AoAs. 

The 1-DL EIS spherical coverage map can be leveraged to determine suitable UE orientations and AoA1/AoA2.m probe pairs that maximize the available SNR as a starting point for demodulation testing.
[bookmark: _Ref115117245]Proposal 14: Consider Measurement Setup 2a the starting point for multi-AoA demodulation testing.
Some discussions were held on test direction and further discussions were encouraged
	Issue 1-4-2: Test directions for UE demodulation testing
·  Proposals
· Option 1: To study whether the selected directions need to satisfy legacy REFSENSE requirements specified in TS38101-2.
· Option 2:  To study whether the selected directions need to satisfy the min. isolation between 2AoAs.
· Option 3:  To study whether the selected directions need to satisfy the min. isolation between two polarizations.
· Option 4: To study whether the selected directions need to satisfy the min. isolation between 4 branches. 


Based on our experience with wireless cable modes in LTE/FR1 and 4-DL MIMO where the isolation between all 4 branches needed to be met, we believe that the same condition applies here, i.e., Option 4.
[bookmark: _Ref118462159]Proposal 15: For multi-AoA demodulation testing, the minimum isolation between all active branches needs to be met.



8. RRM Testing
The measurement setup for RRM testing was discussed in RAN4#104-bis-e but took second priority to UE RF [6][7]. Regarding the measurement setup, it was agreed to consider the legacy RRM system the baseline and to further study whether the UE RF test system could be considered an alternative.
	[bookmark: _Hlk116848919]Issue 1-3-1: Measurement setup for UE RRM testing 
· Agreement: 
· Legacy RRM test system can be baseline, more probes might be added based on the process of RRM session
· FFS whether the same test system for UE RF testing could be considered as an alternative for UE RRM testing.


We feel confident that the proposed UE RF setup in Setup 2b (Proposal 3) is applicable for RRM testing as well as long as a total of 4 different probes (1 AoA and minimum of 3 AoA2 probes) is selected. 

[bookmark: _Ref118462160]Proposal 16: Consider Measurement Setup 2a with a minimum of 3 AoA2 probes an alternative for RRM testing.

For the 2 AoA RRM test cases, only the relative angular differences between AoAs were defined while the absolute probe locations were left up to the system vendors, e.g., as stated in [12] “The absolute position of the probes is left up to implementation.” For 2 AoA RRM, this is considered suitable since it is up to the system vendors to pick the actual test points and angular separations and due the statistical nature of RRM testing versus the parametric nature of UE RF testing, e.g.,  
· The EIS performance assessed in each AoA direction, at a minimum, had to meet the EIS spherical coverage percentile
· Typically, it is required to alternate between a minimum of 33 different sets of AoA pairs
· Pass fail criteria are generally based on whether the rate of events/successful tests meet a minimum percentage
[bookmark: _Ref115117241]Observation 18: For 2 AoA RRM testing, it was acceptable not to define absolute probe locations given the nature of RRM test case requirements and test procedures.

More RRM probes might be required if RRM requirements dictate the use of 4 different simultaneous AoAs and whether the relative angles between the 4 AoAs must change between two subsequent iterations.

[bookmark: _Ref118462161]Proposal 17: The minimum number of RRM probes is pending clarifications from the requirements discussion in WI, e.g., if RRM requirements dictate the use of 4 different simultaneous AoAs and whether the relative angles between the 4 AoAs must change between two subsequent iterations



9. Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: The reason(s) why the full degrees of freedom for 2 AoAs are not pursued were not explicitly captured in the summary [6] or WF [7].
Observation 2: The offset options 1 and 3 cannot track/follow a DUT’s reference direction while Option 2 could for some system implementations
Observation 3: There is no clear advantage (technical, realization of “real world”) of offset option 3 over option 1
Observation 4: If offset option 2 does not necessarily allow tracking of a DUT’s reference direction, it is not clear what the advantage of this option is over the other options
Observation 5: Offset option 1 should correlate to the most “real-world like” behaviour
Observation 6: The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity
Observation 7: Measurement setup 2b requires very large footprints and heights of chambers, significant development lead times, and cannot be upgraded from existing test systems.
Observation 8: Measurement setup 2b likely yields an increase in total system complexity, measurement uncertainties, and test tolerances.
Observation 9: The setup in OTA test systems used for link antennas placed in the NF of the DUT is commonly uncalibrated and not suitable for accurate UE RF measurements.
Observation 10: Measurements in the NF require very accurate positioning of the NF probe, a high-end antenna probe, and the NF antenna pattern characterization, and cause blocking.
Observation 11: Accurate EIS measurements in the NF require the unknown offset of the active antenna array to be measured using test-time intensive algorithms (for spherical coverage test case) or very extensive vendor declarations (location of all antenna panels and which antenna is active for any given measurement direction).
Observation 12: Setup 2b with an AoA/anchor probe placed in the NF requires extensive vendor declarations (exact location of all active antenna pairs for each AoA2 probe direction), needs to guarantee the same DL conditions to both active DUT receivers as a FF probe, very accurate AoA2 fixturing, a high-end antenna probe, and the NF antenna pattern characterization
Observation 13: Option 2c with all probes in the FF has very similar disadvantages as those of Option 2b (Observation 7 through Observation 8), i.e., requires very large chambers, rather complex positioning needs for AoA2, lacks the ability to re-use existing test systems, and likes yields an increase of MUs and TTs
Observation 14: The observations made in Observation 9 through Observation 11 for Setup 2b directly apply to Setup 2b with AoA2 placed in the NF.
Observation 15: Setup 2c with AoA2 probe(s) placed in the NF requires extensive vendor declarations (exact location of all active antenna pairs for each AoA2 probe direction), needs to guarantee the same DL conditions to both active DUT receivers as a FF probe, very accurate AoA2 fixturing, a high-end antenna probe, and the NF antenna pattern characterization.
Observation 16: Setup 3 with AoA2 probe(s) placed in the NF requires extensive vendor declarations (exact location of all active antenna pairs for each AoA2 probe direction), needs to guarantee the same DL conditions to both active DUT receivers as a FF probe, very accurate AoA2 fixturing, a high-end antenna probe, and the NF antenna pattern characterization.
Observation 17: The minimum angular separation between IFF probes is ~30° while the minimum angular separation between DFF probes is ~5°.
Observation 18: For 2 AoA RRM testing, it was acceptable not to define absolute probe locations given the nature of RRM test case requirements and test procedures.
Observation 19: Fixed AoA2 probes yield different DL directions perceived by the DUT.
Observation 20: Probes aligned in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes aligned in the yz plane.
Observation 21: When the AoA2 probes are placed in the xz plane, probe antenna DL q/f polarizations map to DUT q/f polarizations, while when AoA2 probes are placed in the yz plane, probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
Observation 22: From a TE vendor perspective, the most “real-world” behaviour would require the probe antenna DL polarizations to match the perceived UE DL polarizations
Proposal 1: Capture the following reasons for not pursuing the full degrees of freedom for 2 AoAs in Rel-18: increased system complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons.
Proposal 2: For measurement setup option 2a, absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results.
Proposal 3: Consider the measurement setup option 2a, summarized in Table 4, as baseline for multi-Rx UE RF testing
Proposal 4: For system architectures following setup option 2b with multiple fixed AoA2 probes instead of AoA2 achieving full degrees of freedom, the absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results.
Proposal 5: Do not consider the measurement setup option 2b using FF probes, summarized in Table 6, for multi-Rx UE RF testing for the same reasons the full degrees of freedom for both AoAs is no longer pursued.
Proposal 6: Do not consider the measurement setup option 2b using FF and NF probes, summarized in Table 7, for multi-Rx UE RF testing.
Proposal 7: For system architectures following setup option 2c, the absolute probe locations and range of motion must be defined to guarantee different system vendors yield the same UE RF test results.
Proposal 8: Do not consider the measurement setup option 2c, summarized in Table 8, for multi-Rx UE RF testing
Proposal 9: For system architectures following setup option 3, the absolute probe locations and range of motion must be defined to guarantee different system vendors yield the same UE RF test results.
Proposal 10: Do not consider the measurement setup option 3, summarized in Table 9, for multi-Rx UE RF testing
Proposal 11: Do not consider the measurement setup option 4 for multi-Rx UE RF testing
Proposal 12: Limit the maximum angular separation between probes/AoAs to 150° and the minimum angular separation between probes/AoAs to 30°
Proposal 13: Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors.
Proposal 14: Consider Measurement Setup 2a the starting point for multi-AoA demodulation testing.
Proposal 15: For multi-AoA demodulation testing, the minimum isolation between all active branches needs to be met.
Proposal 16: Consider Measurement Setup 2a with a minimum of 3 AoA2 probes an alternative for RRM testing.
Proposal 17: The minimum number of RRM probes is pending clarifications from the requirements discussion in WI, e.g., if RRM requirements dictate the use of 4 different simultaneous AoAs and whether the relative angles between the 4 AoAs must change between two subsequent iterations
Proposal 18: Multi-AoA measurement setups for UE RF utilizing fixed probe locations during the testing must have the absolute probe directions/locations defined to guarantee that the same test parametric results are obtained between different system vendors
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Annex A: On Absolute Probe Locations and DL Directions/Polarizations
In this annex, a sample system with different probe locations as shown in Figure 11 is investigated to provide more detailed justification to define absolute probe locations/directions for Multi-AoA UE RF testing. The sample implementation has a 2-axis positioning system for the DUT to implement a 3D scan and three probes in the x, y, and z axes with the assumption that AoA1 is along z and AoA2 along x or y. The DL directions perceived by the DUT from each probe are illustrated with red, green, and red spheres on the DUT grid in the x, y, and z directions, respectively, for this initial test point of (q, f) = (0°, 0°).
[image: ]
[bookmark: _Ref117853710]Figure 11: Sample measurement setup with three fixed probe locations for initial test point of (0°, 0°)

For the sample multi-AoA system investigated, the angular difference between AoA1 (z direction) and AoA2 (x direction) and between AoA1 (z direction) and AoA2 (y direction) is 90° in both cases. One could seemingly argue that the roll motor of the DUT (rotation around the DUT z axis) makes it irrelevant whether AoA2 is along the y or the x axis. However, once the device is rotated in 3D, i.e., q and f, this argument is no longer applicable which is further analysed and illustrated below. For a second sample device orientation of (q, f) = (45°, -45°), the perceived DL directions are illustrated on the rotated DUT grid in Figure 12. Clearly, a 90° rotation of the device around its z axis would no longer map the green sphere onto the red sphere.
[image: ]
[bookmark: _Ref117861224]Figure 12: Sample measurement setup with three fixed probe locations for test point of (45°, -45°)
It is now assumed that the test points in 3D are based on a constant-step size grid with 266 unique grid points (Dq=Df=15°), i.e., as defined for PC1 & PC3 spherical coverage test cases for 1-DL in Clause 5.3 of [9], or on a constant density grid with 200 unique grid points, i.e., as defined for PC1 spherical coverage test cases for 1-DL in Clause 5.3 of [9]. These test/grid points are visualized in Table 12.
[bookmark: _Ref118211361]Table 12: Visualization of spherical coverage test/grid points
	Constant-step size grid with 266 unique grid points (Dq=Df=15°)
	Constant density grid with 200 unique grid points

	[image: ]
	[image: ]



When all spherical coverage grid points are sampled, the DL directions perceived by the UE from the various probes are plotted in Table 13. Clearly, these results show vastly different results. 
· For the probe aligned with the z axis, the perceived DL directions match the test points. 
· For the probe aligned with the y axis, the DUT only perceives the DL in a single plane only, i.e., the DUT’s xy plane. This is due to the turntable axis of the OTA positioner aligned with the y axis, i.e., the turntable rotation merely changes the polarization but not the DL direction with this probe. The roll motor, i.e., the rotation of the DUT around its z axis, only adjusts the DL direction within the xy plane. 
· For the AoA2 probe aligned with the x axis, the DL directions are perceived from different directions in (q, f) but limited to a single hemisphere only. 
The plots of the perceived DL directions from different, fixed probes demonstrate the need to define the absolute probe locations/directions for UE RF systems.
[bookmark: _Ref118213489]Observation 19: Fixed AoA2 probes yield different DL directions perceived by the DUT. 
As outlined above, for 2-layer spherical coverage testing, measurement setups utilizing fixed probe locations during the testing must have the absolute probe directions/locations defined to guarantee that the same test parametric results are obtained between different system vendors. 
[bookmark: _Ref118462162]Proposal 18: Multi-AoA measurement setups for UE RF utilizing fixed probe locations during the testing must have the absolute probe directions/locations defined to guarantee that the same test parametric results are obtained between different system vendors
[bookmark: _Ref117861508][bookmark: _Ref118317194]Table 13: DL directions perceived by the DUT from probes in the x, y, and z axes.
	Probe Along Direction
	DL Directions perceived by DUT with constant-step size grid with 266 unique grid points (Dq=Df=15°)
	DL Directions perceived by DUT with constant density grid with 200 unique grid points

	z
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	y
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	x
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Next, the DL directions perceived by the DUT from three different AoA2 probes displaced by 60°, 120°, and 150° are displaced from the AoA1 probe in the z direction. One system configuration has the AoA2 probes aligned in the xz plane and another system configuration has the AoA2 probes aligned in the yz plane. The system configurations and the perceived DL directions are further illustrated in Table 14 for a constant-step size grid with 266 unique grid points and in Table 15 for a constant density grid with 200 grid points. These results show that probes aligned in the xz plane generally provide a wider angular coverage when compared to probes aligned in the yz plane. 
[bookmark: _Ref118213490]Observation 20: Probes aligned in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes aligned in the yz plane. 
The DL polarizations received from the DUT are investigated next for the constant-step size grid only. For better visualization purposes, a coarser measurement grid with 62 unique points (Dq=Df=30°) is considered. The DL directions and polarizations perceived by the DUT for a sample system with the AoA1 probe in the z direction and AoA2 probes in the x and y directions are presented in Table 16. The magenta arrows demonstrate the q polarization while the orange arrows demonstrate the f polarization with respect to the probe antenna/system coordinate system. Clearly, for the probes placed in the z and x directions, the DL polarizations w.r.t. the DUT coordinate system are preserved, i.e., the probe antenna DL q/f polarization matches the DUT q/f polarization. However, for the probe along the y axis, the DL polarization perceived by the DUT changes depending on grid point. Similar observations can be made for a system configuration with multiple AoA2 probes placed on the xz and the yz planes as illustrated in Table 17. These results show that the probe antenna DL q/f-polarizations from AoA2 probes (w.r.t. the system coordinate system) are preserved only when the AoA2 probes are placed in the xz plane, i.e., antenna DL q/f polarizations map to DUT q/f polarizations, while this is no longer the case for AoA2 probes are placed in the yz plane, i.e., probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
[bookmark: _Ref118453592]Observation 21: When the AoA2 probes are placed in the xz plane, probe antenna DL q/f polarizations map to DUT q/f polarizations, while when AoA2 probes are placed in the yz plane, probe antenna DL q/f polarizations generally map to a combination of DUT q/f polarizations.
From a TE vendor perspective, it would seem that the most “real-world” behaviour required the probe antenna DL polarizations to match the perceived UE DL polarizations but OEM/chipset vendors feedback is requested for confirmation. 
[bookmark: _Ref118453593]Observation 22: From a TE vendor perspective, the most “real-world” behaviour would require the probe antenna DL polarizations to match the perceived UE DL polarizations


[bookmark: _Ref118128266]Table 14: DL direction perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size spherical coverage grid using 266 unique grid points
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
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	[image: ]

	DL Directions perceived by DUT from Probe P60
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	DL Directions perceived by DUT from Probe P120
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	DL Directions perceived by DUT from Probe P150
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[bookmark: _Ref118317277]Table 15: DL direction perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant density spherical coverage grid using 200 grid points
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
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	DL Directions perceived by DUT from Probe P60
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	DL Directions perceived by DUT from Probe P120
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	DL Directions perceived by DUT from Probe P150
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[bookmark: _Ref118449085]Table 16: DL direction and polarizations perceived by the DUT from probes in the x, y, and z axes.
	
	DL Directions perceived by DUT with constant-step size grid with 62 unique grid points (Dq=Df=30°)

	System Configuration
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	DL Directions and Polarizations perceived by DUT from Probe along z
	[image: ]

	DL Directions and Polarizations perceived by DUT from Probe along y
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	DL Directions and Polarizations perceived by DUT from Probe along x
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[bookmark: _Ref118449814]Table 17: DL direction and polarizations perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size spherical coverage grid using 62 unique grid points
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
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	DL Directions and Polarizations perceived by DUT from Probe P60
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	DL Directions and Polarizations perceived by DUT from Probe P120
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Notes:

* AoA1 placed at DFF range length
* AoA2s placed beyond DFF range length

to avoid collision of AoA1 with AcA2
probes

> __AoA1 and AoA2 probes in FF
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Notes:

* AoA1 and Anchor probes in FF

*  Full degrees of freedom for Anchor
probe

* Relative angular separation between
Anchor and DUT is kept constant
during the test
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Notes:
* AoA1 in FF; Anchor in NF

*  Full degrees of freedom for
Anchor probe

* Relative angular separation
between Anchor and DUT is kept
constant during the test
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Notes:

> AoA1 & AoA2 in FF

* Measurement distance of AoA2 must
be greater than FF range length of
AoA1 to avoid collision

* AoA2/Anchor probe has independent
positioning control to track one DUT
rotation (IEMarrows)

* AoA2/Anchor probe does not rotate
in ¢, i.e.,, DUT rotates in ¢ (purple

arrows) with anchor probe fixed in ¢
* Relative angular separation between
AoA2/Anchor and DUT can be kept
constant in 6 but not ¢ during the test
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Notes:

+ AoA1 in FF, while AoA2s/Anchors in NF

* AoA2/Anchor probes installed on 6 positioner of DUT, i.e.,
anchor probes rotate in 0 together with DUT (TSI
arrows)

» AoA2/Anchor probes do not rotate in ¢, i.e., DUT rotates
in ¢ (purple arrows) with anchor probes fixed in ¢

» Relative angular separation between NF AoAs/Anchors
and DUT kept constant in 6 but not ¢ during the test
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Notes:

+ AoA1 in FF, while Anchor in NF

» Anchor probe installed on 6 positioner of DUT,
i.e., anchor probe rotates in 0 together with
DUT (R arrows)

»  Anchor probe does not rotate in ¢, i.e., DUT
rotates in ¢ (purple arrows) with anchor probe
fixed in ¢

» Relative angular separation between NF Anchor

and DUT kept constant in 6 but not ¢ during the

test
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (4, ¢) = (0.0°, 0.0°)
Motor Coordinates (AZ, Roll) = (0.0°, 0.0°)
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Alignment Option 1 - DUT Orientation 1
DUT Coordinates (9, ¢) = (45.0°, -45.0°)
Motor Coordinates (AZ, Roll) = (45.0°, -45.0°)
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