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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.



During the RAN4 #104 meeting the following testability agreements were reached [4]:
	Sub-topic 2-1
Issue 2-1-1: Quiet zone size and validation procedure
· Proposals
· Option 1: Study the quiet zone size, MU definition and validation procedure for multi-Rx. The same list of QZ sizes defined so far (i.e., 20cm, 30cm, 40cm, and 55cm) is starting point and 30cm QZ is with high priority.
· Option 2: specify other option if any
· Agreement:
· Study the quiet zone size, MU definition and validation procedure for multi-Rx. The same list of QZ sizes defined so far (i.e., 20cm, 30cm, 40cm, and 55cm) is starting point and 30cm QZ is with high priority.

Issue 2-1-2: Baseline measurement setup for RF testing
· Proposals: companies are encouraged to provide your view for the following options from considerations of reusing legacy system and feasibility of test setup aspects.
· Option 1: Reuse legacy IFF/DFF system as much as possible and further study how to introduce additional DL antenna to support the 2AoA spherical coverage measurement. Whether to support 2 simultaneously active AoAs is FFS
· Option 2: Enhanced IFF is selected as the baseline methodology for further study and definition of multi AoA methodology for multi-panel reception UEs. Reuse legacy RRM test setup, i.e., angular relationships between simultaneously active AoAs is 30°, 60°, 90°, 120° and 150°. Whether the list can be further reduced is FFS.
· Option 3: Study new multi-probe test system targeted to enable the condition that the simultaneous reception/transmission paths to and from UE can be configured as any directions permutations by proper rotation system design
· Option 4: The test method setup for FR2 MIMO OTA in TR 38.827 can be considered as the baseline together with those in TR 38.810 and TR 38.884.
· Option 5: Current study on inter-band CA of FR2+FR2 with offset antenna can be the starting point of the new test methodology.
· Agreements:
· To further discuss above potential baseline measurement setups for RF testing. Other options are not precluded. 
· To evaluate and decide how many simultaneously active AoAs are needed. 
· Reusing legacy IFF/DFF system as much as possible is preferred. 

Issue 2-1-3: The feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in RF testing
· Proposals: companies are encouraged to share the views on the potential feasibility issues to support full rotational degrees of freedom for simultaneously two active AoAs
· Option 1: It is feasible.
· Option 2: It is not feasible. Specify the issues if any. 
· Agreements:
· To further study in next meeting

Issue 2-1-4: Potential test methods for RF testing
· Proposals: companies are encouraged to share the views on pros and cons for each option
· Option 1(R4-2211549): IFF+IFF with moving reflectors, Test 2 AoAs simultaneously with 2 IFF (see example illustration below)
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· Option 2 (R4-2211549): IFF+DFF, DFF antennae as the second AoA NR anchor (see example illustration below)

[image: ダイアグラム

自動的に生成された説明]
· Option 3 (R4-2211549): IFF+DFF, fixed DFF antennae as NR anchor (see example illustration below)
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· Option 4 (R4-2211549): Sequential tests by introducing a new test command to fix an active antenna in the DUT (see example illustration below)
[image: ]
· Option 5 (R4-2211991): IFF+ rotating UE and anchor probe as a whole, the probes are divided into test probe and anchor probe (see example illustration below)
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· Option 6 (R4-2213627): Enhanced IFF method utilizing multiple compact antenna test ranges as per TS 38.508-1, i.e., reuse the legacy RRM test setup (see example illustration below)
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· Agreements:
· To investigate pros and cons for each option in next meeting.
· Other options are not precluded.

Sub-topic 2-2
Issue 2-2: Baseline measurement setup for RRM testing
· Proposals: companies are encouraged to share the views on pros and cons for each option
· Option 1 (Apple): Further discuss applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements
· Option 2 (Qualcomm): Legacy RRM test setup could be baseline and to further consider more flexibility on the angular offset for multiple panels for UE RRM requirements testing.
· Option 3 (R&S): Enhanced IFF is selected as the baseline methodology for further study and definition of multi AoA methodology for multi-panel reception UEs. Reuse legacy RRM test setup, i.e., angular relationships between simultaneously active AoAs is 30°, 60°, 90°, 120° and 150°. Whether the list can be further reduced is FFS.
· Option 4 (vivo): Wait for the clear feedback from RRM session on which requirement will be specified and how the capability of test system should be.
· Agreements
· To investigate pros and cons for each option in next meeting.
· Other options are not precluded.
Sub-topic 2-3
Issue 2-3-1: Approach for multi-panel reception demodulation testing
· Proposals
· Option 1: The virtual cable approach should be the baseline for multiple panels UE demodulation testing and only pure baseband performance shall be tested.
· Option 2: Specify other option if any
· Agreement: 
· Option 1

Issue 2-3-2: Baseline measurement setup for demodulation testing
· Proposals: companies are encouraged to share the views on pros and cons for each option
· Option 1 (vivo): The Rel-15 measurement setup for UE demodulation should be baseline for further enhancement to support 4-layer MIMO. To discuss how to introduce additional DL antenna with reasonable angular separation.
· Option 2 (Qualcomm): RAN4 to further study how to support the selection of beam pair (two AoAs) for UE demodulation requirements testing.
· Option 3 (R&S): Enhanced IFF is selected as the baseline methodology for further study and definition of multi AoA methodology for multi-panel reception UEs. Reuse legacy RRM test setup, i.e., angular relationships between simultaneously active AoAs is 30°, 60°, 90°, 120° and 150°. Whether the list can be further reduced is FFS.
· Agreements:
· To investigate pros and cons for each option in next meeting.
· Other options are not precluded

Issue 2-3-3: The feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in demodulation testing
· Proposals: continue to discuss the necessity and feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in demodulation testing
· Option 1: It is necessary and feasible to support full rotational degrees of freedom for simultaneously two active AoAs in demodulation testing
· Option 2: It is not necessary. Please specify the reasons and the feasibility issues if Option 2 is selected. 
· Agreements:
· To further study in next meeting



This contribution provides our views on aspects related to the RF, RRM, and demodulation test methodology enhancements related to the verification of multi-Rx DL UE performance.
2	Discussion 
2.1	RF test setup
During the RAN4 #104 meeting the discussion related to he feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in RF testing yielded the following company views [5]:

	Issue 2-1-3: The feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in RF testing
· Proposals
· Option 1: Yes
· Option 2: No. Please specify the issues if Option 2 is selected. 

	Company
	Comment

	Keysight
	Support Option 2 as the full degrees of freedom require brand-new systems and a level of complexity that seems undesirable.

	Apple
	we would like to gather test equipment vendors’ views

	Qualcomm
	Full rotational degrees of freedom for simultaneously two active AoA is preferred. But we would like to hear the view from TE vendors.

	Huawei
	Option 2. It is not necessary that all combinations of angles be considered and several typical angles are sufficient when measured, especially for black-box testing.

	CAICT
	Support option 2. We are concerned about the complexity and cost of the test system that supports full rotation degrees. Inputs from TE vendors may be helpful.

	vivo
	Option 2. In general, it is not needed, considering the complexity of the system. However, this is dependent on how core requirements look like.

	R&S
	considering full rotational degrees for simultaneous AoA require completely new and very complex systems. Very little could be reused from methods and systems already defined for FR2. This idea was explored already in the original FR2 testability study item with respect to RF blocking and RRM use cases, and it was abandoned due to the high system complexity.

	Anritsu
	Support Option 2. Option 1 with full degree of freedom will increase the complexity of the test system and its cost to the impractical level. There should be alternative solutions to achieve the current objectives.

	Samsung
	It is too early to decide now. If possible, option 1 is better.

	OPPO
	Option 2. We have similar view with Huawei and vivo that full rotational degrees of freedom is not necessary.



[bookmark: _Toc115265439][bookmark: _Toc115265555][bookmark: _Toc115297593][bookmark: _Toc115299454][bookmark: _Toc115299504]Observation 1:	The test equipment vendor feedback on the feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in RF testing is aligned in expressing concerns with the potential test system complexity.

The question of how many simultaneous angles of arrival (from the DUT’s perspective) should the test system support also appeared in the multi-Rx DL work item discussion during the last meeting [3].  In an effort to resolve this parameter, the multi-Rx DL work item will continue the discussion of how to select the candidate AoA pairs for setting the UE RF requirement, and the conclusion of this discussion is anticipated to inform the related RF test setup parameters.

Having submitted our contribution on AoA distribution and test considerations for multi-RX DL reception [6], we have arrived at the following conclusions:
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Figure 1: Distribution of ∆AoA for the urban macro mTRP layout

[bookmark: _Toc115265442][bookmark: _Toc115265558][bookmark: _Toc115299455][bookmark: _Toc115299505]Observation 2:	From the UE perspective, and assuming symmetric panel capabilities, the difference between AoA1 and AoA2 can be constrained to > 90 and < 270 degrees.

[bookmark: _Toc115299456][bookmark: _Toc115299506]Observation 3:	For the purpose of defining the minimum requirement on multi-Rx DL reception, the side conditions on the candidate AoA pairs, shall consider AoA distributions from system level simulations based on common network deployment assumptions.

[bookmark: _Toc115299457][bookmark: _Toc115299507]Observation 4:	RAN4 should consider “Full set AoA1 + limited set AoA2” as an option to select the candidate AoA pairs for setting the UE RF requirement, where the limited set of AoA2 can follow Observation 3.

Although it is anticipated that RAN4 will need more time to converge on the definition of AoA side conditions, it can be valuable to request test equipment vendor feedback about the feasibility of the “Full set AoA1 + limited set AoA2” option.

[bookmark: _Toc110994632][bookmark: _Toc115297599][bookmark: _Toc115299459][bookmark: _Toc115299509]Proposal 1:	Further test equipment vendor feedback on the feasibility of the “Full set AoA1 + limited sset AoA2” option is requested to continue to evaluate the feasibility of selecting candidate AoA pairs.

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][bookmark: _Toc115297595][bookmark: _Toc115299458][bookmark: _Toc115299508]Observation 5:	Further discussion of the quiet zone MU definition and validation procedure is needed.

[bookmark: _Toc115299460][bookmark: _Toc115299510]Proposal 2:	Quiet zone should be verified for each AoA, and the worst-case intersection used as the quiet zone of the system.

2.2	RRM test setup
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:
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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.  One important RRM test system consideration is how many simultaneous AoAs would the system need to support.  Referring to the agreements on multi-Rx DL RRM in [7], we observe that the core work item discussion related to this question is still ongoing:

	Issue 1-1-1-8: Scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1: support both intra-cell and inter-cell operation with TRPs located within reasonable intercell distance.
· Option 2: Working on inter-cell operation with TRPs located within reasonable intercell distance after intra-cell multi-TRP operation work is completed.
· Option 3: intra-cell multi-TRP operation only
Issue 1-1-6-1: UE capability of simultaneous reception of measured RS and data
· Proposals
· Option 1: Consider simultaneous reception of L1/L3 measured RS and data if UE supports simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 2: Consider simultaneous reception of L1 measured RS and data if UE supports simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 3: For scenario 2 (two RX beams used for different cells) with multi-RX chain capability, UE can receive PDCCH/PDSCH/TRS/CSI-RS for CQI (one beam) and on SSB symbols (another beam) to be measured
· Option 4: RAN4 to discuss if additional UE capability for indicating supporting of simultaneous reception with different QCL type D RS and PDSCH/PDCCH is needed.



[bookmark: _Toc115299461][bookmark: _Toc115299511]Proposal 3:	Further discussion on the potential applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements is needed once the core work item achieves agreements on the corresponding side conditions.

2.3	Demodulation test setup
Considering the agreement last meeting to consider the virtual cable approach for multi-Rx DL demodulation testing, it is beneficial to seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions.  For the virtual cable approach to function correctly, the isolation between each DL layer (i.e. AoA1_V, AoA1_H, AoA2_V, and AoA2_H) needs to be sufficient to form an invertible channel matrix.  As background, we consider 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].  Updated verification techniques and measurement uncertainty elements need to be developed for this setup.

[bookmark: _Toc115299462][bookmark: _Toc115299512]Proposal 4:	It is beneficial to seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions.

3	Conclusions
This contribution provides our views on aspects related to the RF, RRM, and demodulation test methodology enhancements related to the verification of multi-Rx DL UE performance and makes the following observation and proposals:

Observation 1:	The test equipment vendor feedback on the feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in RF testing is aligned in expressing concerns with the potential test system complexity.
Observation 2:	From the UE perspective, and assuming symmetric panel capabilities, the difference between AoA1 and AoA2 can be constrained to > 90 and < 270 degrees.
Observation 3:	For the purpose of defining the minimum requirement on multi-Rx DL reception, the side conditions on the candidate AoA pairs, shall consider AoA distributions from system level simulations based on common network deployment assumptions.
Observation 4:	RAN4 should consider “Full set AoA1 + limited set AoA2” as an option to select the candidate AoA pairs for setting the UE RF requirement, where the limited set of AoA2 can follow Observation 3.
Observation 5:	Further discussion of the quiet zone MU definition and validation procedure is needed.


Proposal 1:	Further test equipment vendor feedback on the feasibility of the “Full set AoA1 + limited sset AoA2” option is requested to continue to evaluate the feasibility of selecting candidate AoA pairs.
Proposal 2:	Quiet zone should be verified for each AoA, and the worst-case intersection used as the quiet zone of the system.
Proposal 3:	Further discussion on the potential applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements is needed once the core work item achieves agreements on the corresponding side conditions.
Proposal 4:	It is beneficial to seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions.
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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

oz o] fIGHZl | 2425 30 40 50 526
15 045 055 072 0.88 0.93
30 0.53 0.63 0.79 0.96 1.00
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
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