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1
Introduction
In RAN4#104bis-e meeting, companies have discussed on FR2 OTA test method for UE supporting multi-Rx [1].
In this contribution, we share our views on down-selection of FR2 multi-Rx RF test systems from testability and core requirement perspective.   

2
Discussion

2.1 RF test method

In the main session for RF core requirement discussions, views from companies on AoA assumptions and RF requirement definition are diverged [2][3]. In the agreed WF [4], some different directions on RF requirements are considered as options:
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In the above options from RF core WI, the “joint sensitivity” and “EIS tolerance concept” are two key new concepts to define spherical coverage requirements for multi-Rx. However, both of them require the test system to support the measurement of several AoA pairs. But as we know that the EIS spherical coverage measurement is quite time consuming, if we increase single 3D-scan to several AoA pairs measurement that means the total measurement time are increased many times. Therefore, from testability perspective, the SI should discuss and decide how many AoA pairs measurement is acceptable from testing time and test procedure complexity perspective. 

In addition, in WF [5], it was agreed that the requirement definition would consider testability issue.
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Proposal 1: Testability analysis on the supported maximum number of AoA pairs testing should be studied to provide some guidance to RF core WI. Overall testing time should be considered
In core WI, there are also some discussions on the minimum separation of 2 AoAs. Given the measurement grid for legacy EIS spherical coverage (single panel) is constant density grid with at least 200 grid points and constant step size grid with at least 266 grid points. From our understanding, the angel separation should not be set smaller than the step size of 15 degrees.
Proposal 2: The minimum separation of 2 AoAs for multi-Rx spherical coverage testing should be at least 15 degrees, and the value could be 15, 30, 45…
Regarding the candidate test systems, some options have been slightly converged in [1]:
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Considering both the assumption of core requirement and testability issue, Option 2a is a good option as a baseline for further test setup and RF requirement discussion, which can be considered as a balance of complexity and feasibility.
Proposal 3: RAN4 consider option 2a as a baseline for further test setup discussion. 
3 Conclusion

We share our views on FR2 OTA enhancement, and propose the following proposals:

Proposal 1: Testability analysis on the supported maximum number of AoA pairs testing should be studied to provide some guidance to RF core WI. Overall testing time should be considered.
Proposal 2: The minimum separation of 2 AoAs for multi-Rx spherical coverage testing should be at least 15 degrees, and the value could be 15, 30, 45…

Proposal 3: RAN4 consider option 2a as a baseline for further test setup discussion. 
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Proposals for joint 2AoA sensitivity spherical coverage requirement


FFS what is the key performance gain need to be verified for multi-Rx DL reception and how to construct the requirement:


Option 1: Coverage performance, e.g., proposal 1,2,3,4,7 in Annex2


Option 2: Simultaneous reception, e.g., proposal 5,6 in Annex2


Option 3: Others


Annex 2: Proposals for the EIS spherical coverage requirement in this meeting


At least the signal received from one of the two directions for FR2-1 multi-Rx chain DL reception shall maintain the legacy spherical coverage requirement for reception from a single direction. [R4-2215581] 


Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at same point of CDF 50%-xile considering lowest received power [R4-2215781]


Define a CCDF as [R4-2216875]: 


Use the concept of ‘composite area’ to distinguish the UE with different spherical coverage performance. [R4-2216589]


Within the composite area, when such UE is configured with simultaneous DL reception from 2 AoAs, shall achieve better EIS performance than the situation that it is not configured with this feature.


The UE with wider composite area could has worse spherical coverage performance. 


Define a EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB to ensure the performance gain of the multi-Rx DL reception. [R4-2216127]


Step-1: Perform the single carrier spherical coverage test, get the EIS_0 which is the top 50% EIS of the whole sphere.


Step-2: Perform multi-Rx spherical coverage test and only verify the top 50% regien of single carrier, then get EIS_1 from AoA1 and EIS_2 from AoA2, detail of the test setup can be further discussed


Step-3: Calculate the difference in same direction ∆EIS_1 = EIS_0AoA1 – EIS_1 and ∆EIS_2 = EIS_0AoA2 – EIS_2


Step-4: Reselect the AoA1 and AoA2, get a set of ∆EIS_1 and ∆EIS_2.


Step-5: EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB





Only specify throughput/demod requirements when the side condition of both AoAs is met. Once the side conditions of 2 AoA, e.g. received SINR of both AoA is met, multi-Rx should be allowed by the capable UE. Supporting multi-Rx should not depend on the related spherical coverage performance[R4-2217784].


The EIS total spherical coverage requirement for the UE supporting simultaneous DL reception with two different QCL TypeD RSs on single component carrier should keep the same coverage N%-tile with the R-15 UE (N% = 50% for PC3). [R4-2216353]








 On relation between testing and core requirement


Requirement discussions need to consider testability issue so that the defined requirement can be properly verified.








Issue 1-2-1: Measurement setup for UE RF testing 


Proposals: companies to provide the views on the following options


Option 2:  Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2s. 


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. 


Option 2b: Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2. The example illustrations are shown below. 


Option 2c: 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. The example illustration is shown below. 


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.


Option 4: Sequential tests (not favoured solution)


Option 4a: by introducing a new test command to fix an active antenna in the DUT). The example illustration is shown below.


Option 4b: by usage of UBF as in the procedure defined in R4-2216642:


AoA1 is first connected (without AoA2) towards the desired direction. E.g. beam peak found from single AoA testing. 


AoA1 is locked with UBF and the connection switched to a link antenna if necessary. 


AoA2 is tested over 3D, while AoA1 connection (with the beam locked with UBF) is maintained using a link antenna if necessary.


Other option is not precluded. It is encouraging the proponent to provide the example illustration for the potential option.


Agreement: 


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. 











