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Introduction
In parallel to the Work Item to define requirements for NR FR2 multi-Rx chain DL reception, there is a Study Item ongoing on NR FR2 OTA testing enhancements for UEs with multi-Rx and 4DL layer [1] with the following objectives:
The objectives for FR2-1 OTA testing for UEs with multi-panel reception and 4DL layer are as follows.

· Define a test methodology for RF/RRM/Demodulation requirements testing for devices that can receive simultaneously from multiple Angle of Arrival (AoA)
· The multiple AoA test setup should enable testing of up to 2 DL Layers with dual polarization for each angle
· For RRM, the target should be to allow testing of 4 AoAs with 2 simultaneously active AoAs. 
· Define a test methodology for up to 4 DL MIMO layer demodulation testing
· Note: Revisit whether or not to include the case of transmitting simultaneously in RAN#98
· Smartphone form factor should be the first priority, other UE types should also be discussed as 2nd priority
· Develop the related preliminary uncertainty assessments for the test methodologies
· FR2 test methods defined in TR 38.810 and TR 38.884 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.

We present in this contribution our views regarding the topics for further discussion identified in the last WF in [2] which are relevant to the RF requirements discussion.
Feasibility analysis for RF measurement setup options
During RAN4#104-bis-e meeting, it was agreed [2] that a measurement setup supporting full degrees of freedom for 2 AoAs is not pursued in Rel.18. This was based on the analysis and justifications presented by TE vendors [3][4][5] showing the complexity, cost and lack of reusability from previous systems if such kind of methodology is defined with full degrees of freedom.
Even though, several of the variants currently considered for the UE RF testing measurement setup (i.e. variants of option 2b, Issue 1-2-1 in [2]) still propose setups which have similar implications to a system supporting full degrees of freedom for 2 active AoAs.
· Option 2b: Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2. The example illustrations are shown below. 
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(Figure 2b-1a)							(Figure 2b-1b)
Figure 2b-1: Example illustration -1
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(Figure 2b-2a)									 (Figure 2b-2b)
Figure 2b-2: Example illustration -2 (Note: Anchor probe is not fixed before the test and can be adjusted in orientation)

As justified in [6], these options suffer from same issues as a system enabling full degrees of freedom for 2 active AoA, and thus they should not be further studied.
[bookmark: _Toc118709798][bookmark: _Toc118709804][bookmark: _Toc118709811][bookmark: _Toc118709818][bookmark: _Toc118710313][bookmark: _Toc118710323][bookmark: _Toc118710333][bookmark: _Toc118710592][bookmark: _Toc118710602][bookmark: _Toc118710612]Observation 1: options 2b-1 and 2b-2 should be precluded as they suffer from same issues as a system enabling full degrees of freedom for 2 active AoA. 




In our view, the remaining three options (2a, 3 and 4b from Issue 1-2-1 in [2]) should still be considered, and our analysis per option is presented in [6].
· Option 2a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2. The legacy RRM and FR2 MIMO OTA test setup can be considered as baseline. The example illustration is shown below. 
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Figure 2a: Example illustration 


· Option 3: Consider a test system with full rotational freedom for AoA1 and with fixed single (or two) AoA(s) as an anchor. The example illustration is similar as Figure 2b-2 but only one (or two) direction could be set for anchor probe.
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(Figure 3-a)									 (Figure 3-b)
Figure 3: Example illustration


· Option 4b: by usage of UBF as in the procedure defined in R4-2216642:
1. AoA1 is first connected (without AoA2) towards the desired direction. E.g. beam peak found from single AoA testing. 
2. AoA1 is locked with UBF and the connection switched to a link antenna if necessary. 
3. AoA2 is tested over 3D, while AoA1 connection (with the beam locked with UBF) is maintained using a link antenna if necessary.



Candidate AoA pairs for setting the UE RF requirement
In order to facilitate the progress in parallel between the UE RF requirement session and FR2 testability, we present here the current options discussed so far as listed in [7] with the correspondence to the RF measurement setup options presented in previous section.

Full set AoA1 + Full set AoA2: this option assumes that all possible directions for AoA1 and AoA2 are considered, and thus all possible offsets between them may be tested. Without entering into test time considerations, this case requires either:
· A system with full degrees of freedom for 2 active AoA, which it was agreed to not pursue in Rel-18.
· Option 4b (sequential test with UBF).
[bookmark: _Toc118710314][bookmark: _Toc118710324][bookmark: _Toc118710334][bookmark: _Toc118710593][bookmark: _Toc118710603][bookmark: _Toc118710613]Observation 2: the option Full set AoA1 + Full set AoA2 can only be implemented with test setup Option 4b (sequential test with UBF).

[bookmark: _Hlk118710079]Fixed AoA1(s) + Full set AoA2: looking at the RF test setup options discussed so far, this case can be understood in 3 different ways:
· If relative orientation between AoA1 and AoA2 is variable and none of them is fixed with respect to the UE, this one is equivalent to Full set AoA1 + Full set AoA2. Therefore, it requires the same approaches: full degrees of freedom (not pursued in Rel-18) or sequential test with UBF (option 4b).
· If relative orientation between AoA1 and AoA2 is variable, but the AoA1(s) direction(s) is(are) fixed with respect to the UE, it would require test system implementations similar to those in option 2b (which has the same issue as full degrees of freedom) or option 3 (which has large implications on the test metric as described in [6]).
· If the relative orientation between AoA1 and AoA2 is fixed, this is equivalent to Fixed offset(s) between AoA1 and AoA2. In this case, option 2a would be the test setup capable of testing this set of AoA pairs.
[bookmark: _Toc118710315][bookmark: _Toc118710325][bookmark: _Toc118710335][bookmark: _Toc118710594][bookmark: _Toc118710604][bookmark: _Toc118710614]Observation 3: the option Fixed AoA1(s) + Full set AoA2, when relative orientation between AoA1 and AoA2 is variable, can only be implemented with test setup Option 3 (2-axes positioner between DUT and AoA1, fixed AoA2 with respect to DUT elevation).
[bookmark: _Toc118710316][bookmark: _Toc118710326][bookmark: _Toc118710336][bookmark: _Toc118710595][bookmark: _Toc118710605][bookmark: _Toc118710615]Observation 4: the option Full set AoA1 + Full set AoA2, when relative orientation between AoA1 and AoA2 is fixed, is the same as Fixed offset(s) between AoA1 and AoA2.

Fixed offset(s) between AoA1 and AoA2: this option is clearly related to option 2a for the RF test setup.
[bookmark: _Toc118710317][bookmark: _Toc118710327][bookmark: _Toc118710337][bookmark: _Toc118710596][bookmark: _Toc118710606][bookmark: _Toc118710616]Observation 5: the option Fixed offset(s) between AoA1 and AoA2 can only be implemented with test setup Option 2a (2-axes positioner for DUT, fixed AoA1 and several AoA2 with respect to chamber with fixed angular offset).

It has to be noted that the usage of AoA1 and AoA2 differ between the discussions in the UE RF requirement session and the FR2 OTA testability session depending on the option, and sometimes they are swapped. E.g. option 2a in FR2 OTA testability refers to AoA1 as the angle being tested in 3D, while the several AoA2 are tested with respect to the direction of AoA1. Comparing to the RF session, this would be the inverse of Fixed AoA1(s) + Full set AoA2 when the relative offset between AoA2 and AoA1 is fixed.
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Minimum separation between 2 active AoA
Following the feasibility analysis for the different options presented in section 2 above, and proposal 2 to continue discussion on options 2a, 3 and 4b, the minimum separation between 2 active AoA is analyzed for each of these options.
Option 2a: as presented last meeting in [3], the minimum separation between probes for this setup option depends on the Far Field method selected: for IFF the reasonable minimum offset is 30º while for DFF this offset can be in the range of 5º. 
[bookmark: _Ref118372073][bookmark: _Toc118458493][bookmark: _Toc118461567][bookmark: _Toc118465986][bookmark: _Toc118466241][bookmark: _Toc118709800][bookmark: _Toc118709806][bookmark: _Toc118709813][bookmark: _Toc118709820][bookmark: _Toc118710319][bookmark: _Toc118710329][bookmark: _Toc118710339][bookmark: _Toc118710598][bookmark: _Toc118710608][bookmark: _Toc118710618]Observation 7: the minimum separation between probes is 30º for IFF and 5º for DFF.
Besides the minimum angular separation, it is important to consider the pros and cons for each Far Field method. Although DFF is one of the accepted methodologies listed in TR 38.810 [8] and TS 38.508-1 [9], the thorough evaluations done over the years have clarified the limitations and drawbacks that made IFF the de-facto reference methodology for RF measurements:
· The maximum UE radiating aperture has a direct impact on the minimum range length with respect to frequency for DFF. 
· Current definition in TR 38.810 [8] and TR 38.884 [10] assume a maximum radiating aperture of 5cm, which gives ~ 1-meter range length for FR2‑1. 
· Larger apertures will increase the minimum range length exponentially, and thus have an impact on dynamic range.
· The limited UE radiating aperture requires a declaration from the manufacturer to ensure the test system is suitable for a device.
· Overall MU is worse compared to IFF, mainly due to the QoQZ degradation and contributors related to the measurement distance (e.g.: measurement distance uncertainty, phase centre offset of calibration antenna). 
Therefore, the usage of DFF has a major impact on the scalability of the methodology for different form factors (e.g. larger QZ size), Power Classes (e.g. antenna aperture larger than 5cm) or extending the frequency range (e.g. FR2-2, out-of-band measurements, etc.), reflected by the higher Measurement Uncertainty.
[bookmark: _Ref118372078][bookmark: _Toc115445360][bookmark: _Toc115447473][bookmark: _Toc115450594][bookmark: _Toc115450955][bookmark: _Toc115791764][bookmark: _Toc118306565][bookmark: _Toc118307206][bookmark: _Toc118307219][bookmark: _Toc118307232][bookmark: _Toc118307245][bookmark: _Toc118307348][bookmark: _Toc118307358][bookmark: _Toc118368120][bookmark: _Toc118368712][bookmark: _Toc118369981][bookmark: _Toc118370612][bookmark: _Toc118458494][bookmark: _Toc118461568][bookmark: _Toc118465987][bookmark: _Toc118466242][bookmark: _Toc118709801][bookmark: _Toc118709807][bookmark: _Toc118709814][bookmark: _Toc118709821][bookmark: _Toc118710320][bookmark: _Toc118710330][bookmark: _Toc118710340][bookmark: _Toc118710599][bookmark: _Toc118710609][bookmark: _Toc118710619]Observation 8: the usage of DFF for any of the 2 active AoA has a major impact on the scalability of the methodology.
In our understanding, IFF is the best choice for a test system based on option 2a, and thus the minimum angular separation should be 30º.

Option 3: beside the concerns raised in section 2 above with respect to this option, the minimum angular separation comes again from the selection of the Far Field. In our understanding, this option is presented as an upgrade of existing RF test system (which are based on IFF) with an anchor probe placed in the Near Field close to the DUT. Thus, the actual minimum angular separation will depend on the test system implementation, but a rough estimate gives a 15 to 20º minimum separation.
[bookmark: _Toc118368121][bookmark: _Toc118368713][bookmark: _Toc118369982][bookmark: _Toc118370613][bookmark: _Toc118458495][bookmark: _Toc118461569][bookmark: _Toc118465988][bookmark: _Toc118466243][bookmark: _Toc118709802][bookmark: _Toc118709808][bookmark: _Toc118709815][bookmark: _Toc118709822][bookmark: _Toc118710321][bookmark: _Toc118710331][bookmark: _Toc118710341][bookmark: _Toc118710600][bookmark: _Toc118710610][bookmark: _Toc118710620]Observation 9: the minimum angular separation for option 3 is in the range of 15 to 20º.

Option 4b: in this case, the sequential approach based on UBF is the less restricted option with regards to minimum angular separation, which will be determined by the capability from the DUT to maintain a connection between close angles of arrival. 
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Proposal
In this contribution, the following observations and proposals were made:
Observation 1: options 2b-1 and 2b-2 should be precluded as they suffer from same issues as a system enabling full degrees of freedom for 2 active AoA.
Observation 2: the option Full set AoA1 + Full set AoA2 can only be implemented with test setup Option 4b (sequential test with UBF).
Observation 3: the option Fixed AoA1(s) + Full set AoA2, when relative orientation between AoA1 and AoA2 is variable, can only be implemented with test setup Option 3 (2-axes positioner between DUT and AoA1, fixed AoA2 with respect to DUT elevation).
Observation 4: the option Full set AoA1 + Full set AoA2, when relative orientation between AoA1 and AoA2 is fixed, is the same as Fixed offset(s) between AoA1 and AoA2.
Observation 5: the option Fixed offset(s) between AoA1 and AoA2 can only be implemented with test setup Option 2a (2-axes positioner for DUT, fixed AoA1 and several AoA2 with respect to chamber with fixed angular offset).
Observation 6: the usage of AoA1 and AoA2 differ between the UE RF requirement sessions and the FR2 OTA testability session depending on the option.
Observation 7: the minimum separation between probes is 30º for IFF and 5º for DFF.
Observation 8: the usage of DFF for any of the 2 active AoA has a major impact on the scalability of the methodology.
Observation 9: the minimum angular separation for option 3 is in the range of 15 to 20º.
Observation 10: the minimum angular separation for option 4b is only limited by the DUT capability.
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