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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-bis meeting the following testability agreements were reached :

	The feasibility of measurement setups with full degrees of freedom for each probe
-	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.

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

Measurement setup for UE RF testing [see WF for diagrams of candidate setups]
-	Option 2 including option 2a/2b/2c as baseline, companies are encouraged to bring analysis considering both test feasibility and alignment with the agreements from RF core WI
-	Option 4 low priority, which only can be considered if no other feasible solutions

Test procedure for UE RF testing
-	Option 1: consider a test system for multi-Rx spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2
-	Other options are not precluded depending on the outcome from Issue 1-2-1
-	It is related to UE RF discussion and depending on the outcome of Issue 1-2-1. Need further discussion in next meeting.

AoA angular separations for UE RF testing
-	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.

Probe locations for UE RF testing
-	Proposals: It is related to the outcome of Issue 1-2-1. Companies are encouraged to share the views on the options:
-	Option 1: For multi-panel UE RF spherical coverage test cases utilizing 1 AoA with full degree of freedom with fixed offsets for AoA2(s), absolute probe locations must be defined to guarantee different system vendors yield the same results.
-	Option 2: Only specify the measurement grid instead of absolute probe locations. 
-	Other options are not precluded depending on the outcome for Issue 1-2-1.



This contribution provides our views on RF test methodology enhancements related to the verification of multi-Rx DL UE performance.
2	Discussion
Our analysis of the angular separation between AoA1 and AoA2 in a multi-TRP system level simulation and the effect of mutual interference between AoA1 and AoA2 reached the following conclusion [7]:

[bookmark: _Toc118441084]Proposal 1:	AoA1 is swept over the full sphere, and AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2  Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.

Such an exclusion zone in the definition of the requirement would enable RAN4 to consider the requirement concept according to the “Full set AoA1 + limited set AoA2 with a defined relationship between AoA1 and AoA2” option.  We consider the Option 2a/2b/2c RF measurement setups considered in last meeting’s WF from the perspective of enabling this requirement concept.  Option 2a, which essentially adopts the RRM test setup, can be a test setup which could accommodate the specific exclusion zone definition, where AoA2 is contrained to be in the same plane as AoA1 (i.e the exclusion zone is a line on the surface of the sphere).  Option 2b, which allows for variability in the angular offsets between AoA1 and AoA2, can also accommodate Proposal 1 with additional flexibility of allowing AoA2 some variability over a zone.

[bookmark: _Toc110994628][bookmark: _Toc115297595][bookmark: _Toc115299458][bookmark: _Toc115299508][bookmark: _Toc118406291][bookmark: _Toc118441079]Observation 1:	RF test setup option 2a and 2b are well aligned with the proposed exclusion zone.

[bookmark: _Toc118441080]Observation 2:	With option 2a in the UE RF measurement setup discussion one aspect that needs to be evaluated is blockage or link drop between the AoA in certain DUT rotation/positions.

The exclusion zone concept is quite practical on testing/certification perspective, and how to define the AoA2 and AoA1 offset angle is something for which a more concrete model of defining this offset is needed.  Based on further progress in the multi-Rx chain DL work item, this effort should continue in close coordination.

After a further investigation of the RF test setup option 2c, we observe that the methodology seems to rely on full degrees of freedom for both AoA1 and AoA2 in order to achieve the flexibility in AoA2 positioning.  In our understanding, RAN4 concluded that supporting full degrees of freedom for both AoAs is not pursued.

[bookmark: _Toc115299460][bookmark: _Toc115299510][bookmark: _Toc118406292][bookmark: _Toc118441085]Proposal 2:	RAN4 should continue to discuss RF test setup options 2a and 2b and deprioritize option 2c.

As the multi-Rx chain DL work item continues to discuss the spherical coverage requirement concept, from the testability perspective we should consider that a new test function might be needed to enable the testing process.

[bookmark: _Toc118441086]Proposal 3:	Once the spherical coverage requirement process is defined in the work item, RAN4 should discuss whether additional test functions might be needed to enable the testing process.

As we continue developing the testing methodology for this new multi-Rx chain DL feature, it is useful to also consider the impact on overall test time.  The EIS spherical coverage test is a lengthy process due to both the number of test points on the sphere and the DL power sweep to determine the radiated sensitivity at each test point.  Although the spherical coverage concept discussion is still open, there are proposals to consider metrics based on the joint measurements of EIS for AoA1 and AoA2 (e.g. combinaton of EIS_AoA1 and EIS_AoA2 or max{EIS_AoA1, EIS_AoA2}.  Depending on the number of test points in the range of AoA2 (for example, the exclusion zone concept would allow the number of test points in the range of AoA2 to be fewer than in the range of AoA1), the total test time for such a procedure can be approximated as N_AoA1 x N_AoA2 x (T_EIS + T_EIS), where T_EIS refers to the power sweep time to find the radiated sensitivity point at each angle.  Another way to express this is relative to the legacy spherical coverage test time:  T_multiRx ~ 2 x N_AoA2 x T_legacy.

[bookmark: _Toc118441081]Observation 3:	For RF requirement metrics which consider measurements of EIS for both AoA1 and AoA2 links, the approximate test time increase relative to the legacy spherical coverage test is T_multiRx ~ 2 x N_AoA2 x T_legacy.

The WF from the last meeting captured a proposed test procedure to “consider a test system for multi-Rx spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2.”  In this approach EIS is measured for AoA1, while maximum throughput is measured for AoA2.  If the RF requirement concept could be defined to take the statistics of both of these measurements into account, then the test time of the multi-Rx chain DL test method can be significantly reduced.  Since a throughput measurement is performed at a single DL power level, we can express the total test time of such a procedure as N_AoA1 x N_AoA2 x (T_EIS + 1), with the result that T_multiRx ~ N_AoA2 x T_legacy.  Considering the very long absolute test times of spherical coverage, a factor of 2 reduction can be a significant aspect to consider when defining the requirement concept.

[bookmark: _Toc118441082]Observation 4:	For RF requirement metrics which consider measurements of EIS for AoA1 and throughput for AoA2 links, the approximate test time increase relative to the legacy spherical coverage test is T_multiRx ~ N_AoA2 x T_legacy.

[bookmark: _Toc118441087]Proposal 4:	Considerations about the total test time of the multi-Rx chain DL spherical coverage test should be taken into account when deciding the related spherical coverage concept.

As we showed in [7], the multi-Rx chain DL requirement is impacted significantly by the mutual interference between the two AoAs received by the UE.  Depending on the separation between these AoAs (and on the UE’s antenna array radiation pattern), the interference impact can vary significantly.  In the extreme case, where AoA2 placement is unrestricted, our preliminary estimate of the swing of radiated sensitivity is on the order of 20 dB or more:
[image: ]

From the perspective of test system feasibility, can it handle such a large dynamic range?  If not, then additional considerations related to test system dynamic range should be taken into account when defining the requirement concept and the exclusion zone.

[bookmark: _Toc118441083]Observation 5:	Considerations related to test system dynamic range should be taken into account when defining the requirement concept and the exclusion zone.

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

Observation 1:	RF test setup option 2a and 2b are well aligned with the proposed exclusion zone.
Observation 2:	With option 2a in the UE RF measurement setup discussion one aspect that needs to be evaluated is blockage or link drop between the AoA in certain DUT rotation/positions.
Observation 3:	For RF requirement metrics which consider measurements of EIS for both AoA1 and AoA2 links, the approximate test time increase relative to the legacy spherical coverage test is T_multiRx ~ 2 x N_AoA2 x T_legacy.
Observation 4:	For RF requirement metrics which consider measurements of EIS for AoA1 and throughput for AoA2 links, the approximate test time increase relative to the legacy spherical coverage test is T_multiRx ~ N_AoA2 x T_legacy.
Observation 5:	Considerations related to test system dynamic range should be taken into account when defining the requirement concept and the exclusion zone.


Proposal 1:	AoA1 is swept over the full sphere, and AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2  Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.
Proposal 2:	RAN4 should continue to discuss RF test setup options 2a and 2b and deprioritize option 2c.
Proposal 3:	Once the spherical coverage requirement process is defined in the work item, RAN4 should discuss whether additional test functions might be needed to enable the testing process.
Proposal 4:	Considerations about the total test time of the multi-Rx chain DL spherical coverage test should be taken into account when deciding the related spherical coverage concept.
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