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1.	Introduction
[bookmark: _Hlk67504958]The revised work item on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved at TSG RAN#96 [1]. One of the objectives of this work item is to:
•	Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
The subject was discussed at TSG RAN4#104-e and the WF was agreed [2]. This contribution provides proposals on AoA pairs for testing of FR2-1 multi-Rx chain DL reception.

2.	Discussion 
In the RAN4#104-e meeting the following WF was agreed: 
Agreement:
· Further discuss on the on the candidate AoA pairs for setting the UE RF requirement
· One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
· Multiple AoA1 + Full set AoA2. 
· Fixed offset between the two AoAs, both probes swept simultaneously.
· Full set AoA1 + Full set AoA2
Other solutions are not precluded. Companies are also encouraged to bring the analysis on how to quantify the Refsens value when receiving multiple signals.

Refsens value for single AoA is defined in specification and is determined through identification of the beam peak direction of the device under test placed at the center of the quiet zone that results in the lowest level of input power that the UE may keep the throughput of the defined measurement reference channel at 95%:
[image: ]
With multiple Rx chains on the UE, there are the following questions on whether:
- Each Rx chain must meet independently the Refsens requirements when the other ones are not active simultaneously. The complexity in this test is how to make a valid check that the inactive Rx chains is not affecting the active Rx chain.
- Each Rx chain must meet a Refsens requirements when the other ones are active simultaneously. This mandates that the single-Rx results are to be kept during multi-Rx testing, but it is not the target of the test to check the Refsens in the single-Rx testcase, but only the next beam peak direction that is aimed to be tested.
- The same Refsens requirements are applicable to each Rx chain, which would cause an overlap in testing the Reference Sensitivity of the beam peak direction, since it is already tested in the single-Rx testcase.
Regarding the candidate AoA pairs for setting the UE RF requirement, we have the following observations: 
- Full set of AoA1 + Full set of AoA2 is a very lengthy and costly procedure. Considering 266 grid points as defined in TS 38.521 [3] Annex M, this test would be 266 * 266 points with the complexity and question if every coinciding grid point of the two test probes would be possible and would result in a measurement that is of value to the UE test coverage.
- Fixed offset between the two AoAs implicitly requires that all devices under test have panels with maximum gain in the said offset, which may be limiting. This would result in 266 measurements at a constant angular offset between the two test probes. An offset that would not resemble live network operation and would favor certain angular offset at the UE, but not guaranteed by the network propagation.
As such, we see that the following two remaining options from the WF should be further considered:
- One fixed AoA1 + Full set of AoA2. This test is also 266 measurements where the one fixed AoA1 angle could be the beam peak direction found in the single-Rx test procedure. This allows the AoA2 to find all other beam direction results if the AoA1 is active simultaneously. Such procedure resembles live network operation more than a fixed offset.
- Multiple AoA1 + Full set of AoA 2. This test is x * 266 measurements where the x fixed AoA1 angles would require a discussion of why x should be a variable size, especially if x not a small number as this will greatly increase the number of required test points. Therefore, x needs to be limited (e.g., x=2} to cover the cases where the UE architecture supports sub-arrays pointing into two different directions. 
We can summarize the four options of the WF in the matrix below:
Table 1: Matrix of test comparison for WF options
	
	One AoA1 + Full AoA2
	Multiple AoA1 + Full AoA2
	Full AoA1 + Full AoA2 fixed offset
	Full AoA1 + Full AoA2

	Measurement
	266
	X * 266
	266
	266 * 266

	Test time
	Same as single-Rx
	X times single-Rx
	Same as single-Rx
	266 times single-Rx

	Cost
	Low
	Mid
	Mid
	High

	Resemblance to live NW
	Yes
	Yes
	No
	Yes



Therefore, we propose that AoA pairs for testing of FR2-1 multi-Rx chain DL reception should be: One or a small number of AoA1 + Full AoA2 (the two first columns of Table1) for further test definition, in which AoA1 contains the results of the single-Rx test and the AoA2 is the main interest in the multi-Rx testing except that the AoA1 connection must remain during test.
Proposal 1:
We propose that one or a small number of AoA1 + Full AoA2 are agreed for further test definition and that the main interest in the multi-Rx is AoA2 while AoA1 connection must remain.

3.	Conclusion
To address the WF on AoA pairs on testing for FR2-1 multi-Rx chain DL reception, this contribution has the following proposal:
Proposal 1: 
We propose that one or a small number of AoA1 + Full AoA2 are agreed for further test definition and that the main interest in the multi-Rx is AoA2 while AoA1 connection must remain.

References
[1]	RP-221753, “Revised WID: Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception”, Qualcomm Incorporated.
[2]	R4-2214457, “WF on multi-Rx chain DL reception”, Sony.
[3]	3GPP TS 38.521 v17.0.0: “NR; User Equipment (UE) conformance specification; Radio transmission and reception; Part 2: Range 2 standalone”.

5

image1.png
Release 17 153 3GPP TS 38.101-2 V17.6.0 (2022-06)

7323 Reference sensitivity power level for power class 3

Table 7.3.2.3-1: Reference sensitivity

Operating REFSENS (dBm) / Channel bandwidth
band
50 MHz 100 MHz 200 MHz 400 MHz 800 MHz | 1600 MHz | 2000 MHz
n257 -88.3 -853 -823 -79.3 NA NA NA
n258 -88.3 -853 -823 -79.3 NA NA NA
n259 -84.7 -81.7 -78.7 -75.7 NA NA NA
n260 -85.7 -82.7 -19.7 -76.7 NA NA NA
n261 -88.3 -85.3 -82.3 -79.3 NA NA NA
n262 -82.8 -79.8 -76.8 -738 NA NA NA
n263 NA -78 NA -72 -69 -66 -65
NOTE 1: _The transmitter shall be set to Puux as defined in clause 6.2.4





