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1	Introduction 
3GPP has added the new work item on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception [1] to the Rel-18 work plan as well as the corresponding test methodology study item on NR frequency range 2 (FR2) Over-the-Air (OTA) testing enhancements [2] to develop the testing methodology to verify the corresponding requirements.

The work item descriptions for both items are provided below:

	· Introduce necessary requirement(s) for enhanced FR2 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· revisit in RAN#96: RAN4 shall specify the multi-panel spherical coverage requirements based on the directions that are within top N%-tile (N% = 50% for PC3)
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalize
· Introduce necessary requirement(s) for enhanced FR2 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTE:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.



	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#97
· Note: Revisit whether or not to include other number of AoAs in RAN#97
· 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.



This contribution provides our initial views on the aspects that should be addressed in this study item.
2	Discussion 
Considering the RF test setup, the first question is how many simultaneous angles of arrival (from the DUT’s perspective) should the test system support?  Although the SID is quite clear on this question for the RRM test setup, the question remains for the RF test setup.  It is recommended that the discussion in the core work item address this aspect as part of the side conditions for the requirement.  In the meanwhile, it is proposed to also assume 2 simultaneous AoAs for the RF test setup as a starting point.

[bookmark: _Toc110994632]Proposal 1:	For the FR2 multi-panel reception RF test methodology, the assumption that the test system needs to support 2 simultaneously active AoAs can be taken as a starting point.

The next aspect, which also needs clarifications from the core work item discussion on side conditions, is the spatial relationship between AoA1 and AoA2 during the test.  Can a fixed angular separation between AoA1 and AoA2 be assumed?  Does the test system need to support full rotational degrees of freedom for both AoAs (relative to the UE)?

[bookmark: _Toc95376841][bookmark: _Toc95376849][bookmark: _Toc101789911][bookmark: _Toc110989045][bookmark: _Toc110989597][bookmark: _Toc110994627]Observation 1:	In order to facilitate the related core work item discussions on side conditions, it can be helpful to collect test equipment vendors’ views on whether full rotational degrees of freedom for AoA1 and AoA2 can be supported in the FR2 RF test setup.

Considering the measurement uncertainty of the new multi-panel test system, it can be helpful to revisit the quiet zone definition and verification for a DUT with multiple panels enabled.  TR38.810 contains the following definition for the DFF setup (with a single AoA):
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With two AoAs, we expect that the verticies of the AoA1 and AoA2 probes need to be aligned with the center of the quiet zone.  Further discussion of the quiet zone MU definition and validation procedure is needed to ensure that the addition of the second AoA, and the associated support structures, is quantified as an uncertainty term and is validated.  Referring back to Observation 1, if full rotational degrees of freedom are considered for both AoA1 and AoA2, then how can the quality of the quiet zone verification procedures be updated to such a scenario?

[bookmark: _Toc110994628]Observation 2:	Further discussion of the quiet zone MU definition and validation procedure is needed.

Considering the IFF test setup, and the corresponding far-field criteria, it is helpful to get feedback from test vendors on the feasibility of the IFF test setup for multi-AoA testing in general.

[bookmark: _Toc110994629]Observation 3:	It would be helpful to get feedback from test vendors on the feasibility of the IFF test setup for multi-AoA testing in general.

In the case of the RRM test setup, we observe that multi-probe testing is already enabled under specific conditions.  TR38.810 contains the following illustration of the setup:

[image: Diagram

Description automatically generated]

The Rel-15 RRM test setup supports up to 2 simultaneous AoAs with the following possible relative angular relationships: {30, 60, 90, 120, 150} degrees.  Before confirming that this test setup is directly applicable to the verification of the new multi-panel requirements in Rel-18, it is helpful to understand the RRM side conditions, which would be discussed in the core work item.

[bookmark: _Toc110994630]Observation 4:	Further discussion on the potential applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements is needed onces the core work item achieves agreements on the corresponding side conditions.

The potential changes to the demodulation test setup can be significant, considering that the Rel-15 test setup utilizes SS-RSRPB reports from the DUT to “achieve isolation between two nominally orthogonal paths from the dual-polarised TRxP to the DUT, enabling independent control of the signals reaching each baseband receiver” [TR38.810, Clause 7.2.1.1].  As with the RF and RRM test setups, many aspects of the test setup design are dependent on the agreed side conditions for the corresponding demodulation performance requirement.  In order to facilitate the related discussion, it would be helpful to get feedback from the test equipment vendors on the feasibility of enabling full rotational degrees of freedom for AoA1 and AoA2 in the demodulation test setup.

[bookmark: _Toc110994631]Observation 5:	It would be helpful to get feedback from the test equipment vendors on the feasibility of enabling full rotational degrees of freedom for AoA1 and AoA2 in the demodulation test setup.

It should also be discussed whether the demodulation test can continue to follow the Rel-15 principle of achieving isolation between the orthogonally polarized paths (per AoA) and then emulating a fading profile over the established link.

3	Conclusions
This contribution provides our initial views on the topic of FR2 multi-panel testability and makes the following observation and proposals:

Observation 1:	In order to facilitate the related core work item discussions on side conditions, it can be helpful to collect test equipment vendors’ views on whether full rotational degrees of freedom for AoA1 and AoA2 can be supported in the FR2 RF test setup.
Observation 2:	Further discussion of the quiet zone MU definition and validation procedure is needed.
Observation 3:	It would be helpful to get feedback from test vendors on the feasibility of the IFF test setup for multi-AoA testing in general.
Observation 4:	Further discussion on the potential applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements is needed onces the core work item achieves agreements on the corresponding side conditions.
Observation 5:	It would be helpful to get feedback from the test equipment vendors on the feasibility of enabling full rotational degrees of freedom for AoA1 and AoA2 in the demodulation test setup.


Proposal 1:	For the FR2 multi-panel reception RF test methodology, the assumption that the test system needs to support 2 simultaneously active AoAs can be taken as a starting point.
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
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Figure 5.2.1.2-3: lllustration of DFF System for minimum range length definition

Table 5.2.1.2-1: Minimum Range Length of DFF System for D = 5cm
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