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Introduction
The study on NR FR2 OTA testing enhancements for UEs with multi-Rx and 4DL layer [1] was revised during RAN #98-e meeting with the following objectives:
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#99
· 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.

We present in this contribution our views regarding the topics for further discussion identified in the last WF in [2].
Test method for RF
As recorded in the last WF [2], it was agreed to consider Option 2a as the starting point for the RF test method for UEs with multi-Rx:
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[bookmark: _Ref118369612]Figure 2‑1: Option 2a, Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2.

Progress was made also regarding the minimum/maximum angular separation between AoAs, defined as 30º and 150º respectively, based on TE vendor inputs based on test system capability, mostly considering IFF implementations per AoA. These important agreements drive to a clear outcome that the RRM Rel.15 2AoA test system based on Enhanced IFF as defined in RAN5 and captured in TS 38.508-1 [3] clause B.2.6, is the best suited approach:
B.2.6	Enhanced IFF
B.2.6.1	Description
The Enhanced IFF method utilizing multiple compact antenna test ranges (CATRs) creates the far field environment using a transformation with 2 or more parabolic reflectors for RRM testing with two simultaneously active AoA (NMAX_AoAs = 2) as defined in Clause 7.1.3.
An example RRM baseline system using an Enhanced IFF setup are shown in Figure B.2.6.1-1. Implementations of the RRM baseline system with only a subset of the reflectors/probes are possible as long as the system can satisfy the relative angular relationships outlined in Clause 7.1.3.2.1.
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Figure B.2.6.1-1: Example RRM baseline system with two simultaneously active AoA using an Enhanced IFF setup
The key aspects of this test method setup are the same as the IFF setup, outlined in Clause B.2.4.1. 

Further to the description presented in TS 38.508-1 [3], several contributions submitted to RAN5 [4][5][6][7][8] provided deeper evaluation of this approach, showing the performance for this multi CATR approach is equivalent to the single reflector implementation. To highlight some of the most relevant facts and advantages for this approach:
· The actual QZ is the cut between several cylinders focused on the same point, one coming from each reflector. In order to simplify the definition, a spherical QZ contained within the cut is used.
· What could be the expected interaction between reflectors (e.g. cross-talk, ripple) is actually not that relevant given that each reflector creates an “spatial” filter with the cylindrical QZ.
· When compared with the other two options (DFF based, and IFF+DFF), enhanced IFF imposes no limitation in the radiating aperture whenever it is fully contained in the QZ.
· Given that all AoAs are implemented with a CATR, this approach presents lower MU compared to DFF based implementations. 
[bookmark: _Toc127446876][bookmark: _Toc127535098][bookmark: _Toc127536396][bookmark: _Toc127543787][bookmark: _Toc127544304][bookmark: _Toc127557564]Observation 1: Enhanced IFF has been proven feasible and presents clear advantages with respect to other methodologies.
[bookmark: _Toc127446879][bookmark: _Toc127535090][bookmark: _Toc127535094][bookmark: _Toc127536400][bookmark: _Toc127543791][bookmark: _Toc127544308][bookmark: _Toc127557568]Proposal 1: Enhanced IFF is selected as the baseline methodology (i.e. Option 2a) of multi AoA methodology for multi-Rx UEs. 

The next key aspect listed in the WF [2], important to make progress using Option 2a as starting point, is the definition of the absolute probe locations to guarantee that different test systems implementations yield the same results. In this regard, the analysis of probe placement with respect to xz or yz planes shown in [9] illustrates how the probe arrangement along xz plane present a better coverage of the perceived DL directions and polarizations compared to probes places in yz planes.
[bookmark: _Toc127446877][bookmark: _Toc127535099][bookmark: _Toc127536397][bookmark: _Toc127543788][bookmark: _Toc127544305][bookmark: _Toc127557565]Observation 2: Probe arrangement along xz plane present a better coverage of the perceived DL directions and polarizations compared to probes places in yz planes.

The following figures show an existing implementation of an RRM Rel.15 2AoA test chamber based on Enhanced IFF, which fits these key elements:
· It follows Option 2a, full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2.
· Probe are placed along the xz plane.
· There are four reflectors which enable testing of 5 different angular relationships, as required in RRM Rel.15 2AoA (i.e. 30°, 60°, 90°, 120° and 150°), respecting the min/max AoA angular separation discussed last meeting.
· Allows a direct reuse of existing test chamber already available, thus minimizing the test system development time required to enable testing for multi-Rx UEs.
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Figure 2‑2: RRM Rel.15 2AoA OTA test setup diagram based on Enhanced IFF with four reflectors
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Figure 2‑4: Enhanced IFF with four reflectors, DUT illumination enabling 5 different angular relationships

As it can be seen from these figures, the probe arrangement along xz axis allows a certain degree of freedom for test system implementation since the angular reference for θ = 0º can be adjusted just by changing starting position of the elevation positioner, without affecting the actual AoA angular relationships or its reference to DUT coordinates. Therefore, there is no need to define absolute the probe locations as long as the AoA angular relationships are respected and the probes are placed along the xz plane.
[bookmark: _Toc127446878][bookmark: _Toc127535100][bookmark: _Toc127536398][bookmark: _Toc127543789][bookmark: _Toc127544306][bookmark: _Toc127557566]Observation 3: Probe arrangement along xz provide sufficient degree of freedom for test system implementation so the definition of the absolute probe locations is not required.
[bookmark: _Toc127446880][bookmark: _Toc127535091][bookmark: _Toc127535095][bookmark: _Toc127536401][bookmark: _Toc127543792][bookmark: _Toc127544309][bookmark: _Toc127557569]Proposal 2: Probes for measurement setup Option 2a must be placed along the xz plane.
[bookmark: _Toc127446881][bookmark: _Toc127535092][bookmark: _Toc127535096][bookmark: _Toc127536402][bookmark: _Toc127543793][bookmark: _Toc127544310][bookmark: _Toc127557570]Proposal 3: Angular relationships between simultaneously active AoAs shall be reused from TR 38.810 (i.e. 30°, 60°, 90°, 120° and 150°). FFS whether only a subset of angular relationships can be defined for RF testing.
Test method for RRM 
With regards to the test method for RRM for UEs with multi-Rx, the WF [2] focused on the measurement setup and the AoA angular separations.
Issue 1-3-1: Measurement setup for UE RRM testing
· Proposals
· Option 1 (Qualcomm): RAN4 to consider the enhancement from legacy RRM test system such as adding more probes to support more angular separations for multi-Rx RRM testing
· Option 2 (Keysight): Consider measurement setup of Option 2a in Issue 1-2-1 with a minimum of 3 AoA2 probes an alternative for RRM testing.
· Agreement: 
· FFS on measurement setup for UE RRM testing with options above. Other options are not precluded.

Issue 1-3-3: AoA angular separations for UE RRM testing
· Proposals
· Option 1(R&S): Define the minimum angular separation as 30º for IFF based test setup
· Option 2 (Keysight): The minimum number of RRM probes is pending clarifications from the requirements discussion in WI, e.g., if RRM requirements dictate the use of 4 different simultaneous AoAs and whether the relative angles between the 4 AoAs must change between two subsequent iterations
· Agreements:
· FFS on the minimum and maximum angular separation for UE RRM testing (from the perspective of test system capability).

Since for UE RF it has been decided select Option 2a as starting point, and considering the clear advantages of the Enhanced IFF test setup presented in previous section, we propose to follow this agreement for RRM testing as well, including the probe arrangement and angular relationships between AoAs.
[bookmark: _Toc127536403][bookmark: _Toc127543794][bookmark: _Toc127544311][bookmark: _Toc127557571]Proposal 4: For UE RRM testing the same test system design is used as for UE RF testing.

Considering the RRM Rel.15 2AoA OTA test setup diagram based on Enhanced IFF with four reflectors presented in previous section, we can determine a total of 16 relevant combinations of angular separations, as shown in the list of permutations in annex at the end of this contribution, assuming the following conditions:
· 2 Cells are considered as worst case.
· 2 AoA are considered per cell, shown as Beam1 and Beam2, as worst case.
· Permutations exclude the case where there is full overlap between cells (i.e. Cell1-Beam1 = Cell2-Beam1 and Cell1-Beam2 = Cell2-Beam2)
· The permutations where there is only a swap between Cell1 and Cell2 are not considered for the total number of relevant combinations.
[bookmark: _Toc127536399][bookmark: _Toc127543790][bookmark: _Toc127544307][bookmark: _Toc127557567]Observation 4: An OTA Setup 2a based on Enhanced IFF with four reflectors allows a total of 16 relevant combinations of angular separations for 2 Cells, with 2 AoA each cell.
Test method for Demod
For the test setup for demodulation testing two options have been considered in the WF from the last meeting [2]:
Issue 1-4-1: Measurement setup for UE demodulation testing
· Proposals
· Option 1 (Qualcomm, Keysight): RAN4 to consider to use fixed Angular Offset(s) between AoA1 and AoA2 (Same as option 2a in Issue 1-2-1) as the starting point of measurement setup for UE demodulation testing
· Option 2 (R&S): RAN4 to focus on the incremental enhancement of the Rel-15 demodulation test setup with an additional AoA without defining a concrete test system architecture

Since for UE RF it has been decided select Option 2a as starting point, we propose to follow this agreement for demodulation testing as well. This way it is possible to have a common test system design for UE RF, RRM and demodulation testing which optimizes the efforts for additional developments, as well as enables test labs, UE vendors, network operators, etc. to reuse the same test equipment for multiple purposes.
[bookmark: _Toc127535093][bookmark: _Toc127535097][bookmark: _Toc127536404][bookmark: _Toc127543795][bookmark: _Toc127544312][bookmark: _Toc127557572]Proposal 5: For UE demodulation testing the same test system design is used as for UE RF testing.
Proposal
In this contribution, the following observations and proposals were made:
Observation 1: Enhanced IFF has been proven feasible and presents clear advantages with respect to other methodologies.
Observation 2: Probe arrangement along xz plane present a better coverage of the perceived DL directions and polarizations compared to probes places in yz planes.
Observation 3: Probe arrangement along xz provide sufficient degree of freedom for test system implementation so the definition of the absolute probe locations is not required.
Observation 4: An OTA Setup 2a based on Enhanced IFF with four reflectors allows a total of 16 relevant combinations of angular separations for 2 Cells, with 2 AoA each cell.

Proposal 1: Enhanced IFF is selected as the baseline methodology (i.e. Option 2a) of multi AoA methodology for multi-Rx UEs.
Proposal 2: Probes for measurement setup Option 2a must be placed along the xz plane.
Proposal 3: Angular relationships between simultaneously active AoAs shall be reused from TR 38.810 (i.e. 30°, 60°, 90°, 120° and 150°). FFS whether only a subset of angular relationships can be defined for RF testing.
Proposal 4: For UE RRM testing the same test system design is used as for UE RF testing.
Proposal 5: For UE demodulation testing the same test system design is used as for UE RF testing.
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Annex: AoA permutations for 2 cells with 2 AoA using four reflectors
This annex shows all the possible permutations for RRM testing that can be enabled using an OTA test setup based on Enhanced IFF with four reflectors as presented in section 1, assuming the following conditions:
· 2 Cells are considered as worst case.
· 2 AoA is considered per cell, shown as Beam1 and Beam2, as worst case.
· Permutations exclude the case where there is full overlap between cells (i.e. Cell1-Beam1 = Cell2-Beam1 and Cell1-Beam2 = Cell2-Beam2)
· The permutations where there is only a swap between Cell1 and Cell2 are not considered for the total number of relevant combinations.

The number of unique scenarios is determined based on the unique combination of:
· AoA Offset for Cell 1
· AoA Offset for Cell 2
· AoA Offset between Cell 1 and Cell 2:
· Min
· Central
· Max
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[bookmark: _GoBack]Figure 7‑1: Example of AoA offsets for 2 Cells with 2 AoA each
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Table 7‑1: Scenario permutations for 2 Cells with 2 AoA each
	Scenario
	IFF @0°
	IFF @30°
	IFF @90°
	IFF @150°
	AoA Offset
	AoA Offset
	AoA Offset
	AoA Offset
	AoA Offset
	Comment

	
	
	
	
	
	Cell1
	Cell2
	Cell1-Cell2
	Cell1-Cell2
	Cell1-Cell2
	

	
	
	
	
	
	
	
	Min
	Central
	Max
	

	1
	Cell1-Beam1
	Cell1-Beam2
	
	
	30
	60
	0
	45
	90
	

	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	

	2
	Cell1-Beam1
	Cell1-Beam2
	
	
	30
	120
	0
	75
	150
	

	
	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	

	3
	Cell1-Beam1
	Cell1-Beam2
	
	
	30
	60
	60
	105
	150
	

	
	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	

	4
	Cell1-Beam1
	Cell1-Beam2
	
	
	30
	90
	0
	30
	90
	

	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	
	

	5
	Cell1-Beam1
	Cell1-Beam2
	
	
	30
	150
	0
	60
	150
	

	
	Cell2-Beam1
	
	
	Cell2-Beam2
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	6
	
	Cell1-Beam1
	Cell1-Beam2
	
	60
	30
	0
	45
	90
	Same as #1

	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	
	

	7
	
	Cell1-Beam1
	Cell1-Beam2
	
	60
	90
	0
	15
	90
	

	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	
	

	8
	
	Cell1-Beam1
	Cell1-Beam2
	
	60
	150
	30
	15
	120
	

	
	Cell2-Beam1
	
	
	Cell2-Beam2
	
	
	
	
	
	

	9
	
	Cell1-Beam1
	Cell1-Beam2
	
	60
	120
	0
	30
	120
	

	
	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	

	10
	
	Cell1-Beam1
	Cell1-Beam2
	
	60
	60
	0
	60
	120
	

	
	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	11
	
	
	Cell1-Beam1
	Cell1-Beam2
	60
	30
	60
	105
	150
	Same as #3

	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	
	

	12
	
	
	Cell1-Beam1
	Cell1-Beam2
	60
	90
	0
	75
	150
	

	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	
	

	13
	
	
	Cell1-Beam1
	Cell1-Beam2
	60
	150
	0
	45
	150
	

	
	Cell2-Beam1
	
	
	Cell2-Beam2
	
	
	
	
	
	

	14
	
	
	Cell1-Beam1
	Cell1-Beam2
	60
	60
	0
	60
	120
	Same as #10

	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	

	15
	
	
	Cell1-Beam1
	Cell1-Beam2
	60
	120
	0
	30
	120
	Same as #9

	
	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	





Table 7‑2: Scenario permutations for 2 Cells with 2 AoA each (continued)
	Scenario
	IFF @0°
	IFF @30°
	IFF @90°
	IFF @150°
	AoA Offset
	AoA Offset
	AoA Offset
	AoA Offset
	AoA Offset
	Comment

	
	
	
	
	
	Cell1
	Cell2
	Cell1-Cell2
	Cell1-Cell2
	Cell1-Cell2
	

	
	
	
	
	
	
	
	Min
	Central
	Max
	

	16
	Cell1-Beam1
	
	Cell1-Beam2
	
	90
	30
	0
	30
	90
	

	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	
	

	17
	Cell1-Beam1
	
	Cell1-Beam2
	
	90
	150
	0
	30
	150
	

	
	Cell2-Beam1
	
	
	Cell2-Beam2
	
	
	
	
	
	

	18
	Cell1-Beam1
	
	Cell1-Beam2
	
	90
	60
	0
	15
	90
	

	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	

	19
	Cell1-Beam1
	
	Cell1-Beam2
	
	90
	120
	30
	45
	150
	

	
	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	

	20
	Cell1-Beam1
	
	Cell1-Beam2
	
	90
	60
	0
	75
	150
	Same as #12

	
	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	21
	
	Cell1-Beam1
	
	Cell1-Beam2
	120
	30
	0
	75
	150
	

	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	
	

	22
	
	Cell1-Beam1
	
	Cell1-Beam2
	120
	90
	30
	45
	150
	Same as #19

	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	
	

	23
	
	Cell1-Beam1
	
	Cell1-Beam2
	120
	150
	0
	15
	150
	

	
	Cell2-Beam1
	
	
	Cell2-Beam2
	
	
	
	
	
	

	24
	
	Cell1-Beam1
	
	Cell1-Beam2
	120
	60
	0
	30
	120
	Same as #9

	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	

	25
	
	Cell1-Beam1
	
	Cell1-Beam2
	120
	60
	0
	30
	120
	Same as #9

	
	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	26
	Cell1-Beam1
	
	
	Cell1-Beam2
	150
	30
	0
	60
	150
	Same as #5

	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	
	

	27
	Cell1-Beam1
	
	
	Cell1-Beam2
	150
	90
	0
	30
	150
	Same as #17

	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	
	

	28
	Cell1-Beam1
	
	
	Cell1-Beam2
	150
	60
	30
	15
	120
	Same as #8

	
	
	Cell2-Beam1
	Cell2-Beam2
	
	
	
	
	
	
	

	29
	Cell1-Beam1
	
	
	Cell1-Beam2
	150
	120
	0
	15
	150
	Same as #23

	
	
	Cell2-Beam1
	
	Cell2-Beam2
	
	
	
	
	
	

	30
	Cell1-Beam1
	
	
	Cell1-Beam2
	150
	60
	0
	45
	150
	Same as #13

	
	
	
	Cell2-Beam1
	Cell2-Beam2
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