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Introduction
This contribution is addressing the details of the antenna aperture D declaration for DFF methodologies.
Discussion
[bookmark: _Ref31104997]While the IFF methodology does not require any vendor declaration in terms of the antenna apertures, D, integrated inside of the DUT, e.g., clause B.2.4.1 of [1] 
	The applicability criteria of this test method are:
-	The total test volume, i.e., the quiet zone is defined as a sphere with radius R.
-	DUT must fit within the quiet zone for the entire duration of the test.
-	Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested.
-	No manufacturer declaration of the antenna array size is needed.


On the other hand, since the range lengths of the DFF-based systems depend on the antenna apertures, D, i.e., Clause  B.2.2.4 of [1]
	With this setup, the minimum range length, RDFF, can be determined as
RDFF = RQZ – D/2 + RFF = RQZ – D/2 + 2D2/


it was well understood that such systems (DFF, hybrid DFF/IFF) could not support arbitrary antenna apertures, e.g., Table 1 outlines the required range lengths for DFF systems supporting a 30cm QZ. Clearly, systems with range lengths of  >> 1m are impractical and not feasible due to the low PSD testability issues. 
[bookmark: _Ref59537789]Table 1: DFF Range Lengths for 30cm QZ DFF Systems
	    f [GHz]

D [cm]
	24.25
	30
	40
	43.5
	52.6

	2
	0.20
	0.22
	0.25
	0.26
	0.28

	3
	0.28
	0.32
	0.38
	0.40
	0.45

	4
	0.39
	0.45
	0.56
	0.59
	0.69

	5
	0.53
	0.63
	0.79
	0.85
	1.00

	7.5
	1.02
	1.24
	1.61
	1.74
	2.09

	10
	1.72
	2.10
	2.77
	3.00
	3.61

	15
	3.72
	4.58
	6.08
	6.60
	7.97

	20
	6.52
	8.06
	10.72
	11.66
	14.09



To date, radiating aperture declarations have not been captured in [4] mainly because the de-facto IFF methodology for UE RF did not require any. Since some focus has shifted towards the DFF methodology for RRM test cases, it is important to define the vendor declaration of the radiation aperture.
[bookmark: _Ref59546182]Observation 1: Radiating aperture declarations have not been captured in 38.508-2.
[bookmark: _Ref59546183]Observation 2: Since some focus has shifted towards the DFF methodology for RRM test cases, it is important to define the vendor declaration of the radiation aperture in 38.508-2.
In RAN5#90-e, discussions on various declaration options were held [5][6] and subsequently an Action Point was created. 
		Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#90e.21
	RF
	Group To provide feedback on which antenna aperture declaration to incorporate in TS38.508-2 for DFF methodology: 
--- Option 1: UE vendor declares the exact maximum radiation aperture of any of the panels integrated in the UE
--- Option 2: UE vendor declares whether the maximum radiation aperture of any of the panels integrated in the UE is ≤5cm or not
-propose any other option
	Anritsu, Apple, Huawei, KEYS
	R5-210839
R5-211194
	RAN5#91e
	Open





Option 1 would allow UE vendors to declare the actual antenna aperture of the largest antenna panel integrated in the UE. In the past, UE vendors have been reluctant to declare detailed antenna information which led to the adoption of the black-box instead of the white-box approach in RAN4. Allowing vendors to declare that actual apertures or select a maximum supported aperture (Option 3 discussed during RAN5#90-e), e.g., D ≤ 2.5cm, D ≤ 3.5cm, D ≤ 4cm, D ≤ 4.5cm, etc., could allow system vendors to design systems with smaller footprint. For labs, the approach will lead to limited applicability of devices, i.e., labs can only support a limited subset of PC3 devices and would have to decline business for a certain set of devices. Systems with smaller range lengths were shown to have worse QoQZ MU results as tabulated in Table 2, i.e., the assessed MUs of systems designed for a subset of D ≤ 5cm apertures will generally yield higher MUs which is rather undesirable. More importantly, deploying such smaller systems with larger QoQZ MU while meeting existing MTSU limits, could prevent MU evolution [7] as vendors might be hesitant to agree to smaller/evolved MTSU.
[bookmark: _Ref70949185]Table 2: Overview of DFF QoQZ MU for different range lengths
	TE Vendor
	Frequency [GHz] ►►
	23.450
	32.125
	40.800
	Range Length [m]

	Vendor A
R5-206167
	P1-P7
	1.34
	1.37
	1.37
	0.65

	
	P1 only
	0.30
	0.17
	0.25
	0.65

	Vendor A
R5-210840
	P1-P7
	1.10
	1.13
	1.05
	0.94

	
	P1 only
	0.34
	0.32
	0.32
	0.94

	Vendor B
R5-206075
	P1-P7
	0.79
	0.87
	0.99
	1.05

	
	P1 only
	0.20
	0.07
	0.13
	1.05



The alternate vendor declaration (Option 2) would prevent UE vendors from declaring detailed antenna panel information and allow a rather simple declaration whether or not the antenna aperture D is ≤ 5cm or not. The benefit of this approach is that it would be aligned with the PC3 definitions of the DUT antenna configuration limits and the applicability definition of DFF in [1]. Additionally, it might not be entirely clear how the antenna aperture is defined by OEMs. More importantly, this approach would be better suited for MU evolution purposes as the lack of systems with smaller range lengths and larger QoQZ MU could allow vendors to more readily agree to evolved MUs/MTSUs. 
Some of the pros and cons of these approaches are summarized in Table 3. 
[bookmark: _Ref70951819][bookmark: _Hlk71099637]Table 3: Overview of Pros and Cons of the various declaration options
	Declaration
	Pros
	Cons

	Option 1: Of exact maximum radiation aperture of any of the panels integrated in the DUT
	· Allows test systems with smaller range lengths for certain DUTs

	· UE vendors reluctant to declare detailed antenna information
· Lack of clarity how exactly the aperture for specific implementation is defined
· Labs with smaller range length systems have limited applicability, i.e., can only support a limited subset of PC3 devices and would have to decline business for a certain set of devices
· Could prevent MU evolution with vendors trying to protect existing MTSU met with smaller range length systems

	Option 2: Whether the maximum radiation aperture of any of the panels integrated in the DUTs is ≤5cm or not
	· Simplicity
· Does not require OEMs to declare detailed antenna information
· Allows full applicability of PC3 devices
· Allows MU evolution more readily without vendors trying to protect existing MTSU met with smaller range length systems
	· Does not allow test systems to be reduced in size

	Option 3: Whether the maximum radiation aperture of any of the panels integrated in the DUT is ≤5cm, ≤4.5cm, ≤4cm, ≤3.5cm, etc.
	· Allows test systems with smaller range lengths for certain DUTs

	· UE vendors reluctant to declare detailed antenna information
· Labs with smaller range length systems have limited applicability, i.e., can only support a limited subset of PC3 devices and would have to decline business for a certain set of devices
· Could prevent MU evolution with vendors trying to protect existing MTSU met with smaller range length systems



As a TE vendor, we do not have a strong view but given the pros and cons presented in Table 3, it seems that Option 2, i.e., UE vendor declares whether the maximum radiation aperture of any of the panels integrated in the UE is ≤5cm or not, is the most suitable approach.
[bookmark: _Ref59546184][bookmark: _Ref59546193][bookmark: _Ref59546319][bookmark: _Ref71097976]Proposal 1: Select Option 2, i.e., UE vendor declares whether the maximum radiation aperture of any of the panels integrated in the UE is ≤5cm or not, as vendor declaration for the radiating aperture, D. 
A CR to make the necessary changes is in [8].
Conclusion
The following observations and proposals were made in this contribution. 
Observation 1: Radiating aperture declarations have not been captured in 38.508-2.
Observation 2: Since some focus has shifted towards the DFF methodology for RRM test cases, it is important to define the vendor declaration of the radiation aperture in 38.508-2.
Proposal 1: Select Option 2, i.e., UE vendor declares whether the maximum radiation aperture of any of the panels integrated in the UE is ≤5cm or not, as vendor declaration for the radiating aperture, D.
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