Page 1

3GPP TSG-RAN5 Meeting 91-e	R5-213808
Electric Meeting, 17th  May – 28th May. 2021
Title:							On declaration of antenna size D for FR2 DFF test method
Source:			Anritsu
Agenda Item:			5.3.2.17
Document for:			Endorsement 

1.	Introduction
As a FR2 RRM test setup, DFF or IFF+DFF method has been introduced in conformance test specifications. Different from TRx test system where IFF is used, applicability of DFF test method depends on the UE antenna array sizes (D), hence the UE vendor declaration on the antenna implementation is needed. 
TR 38.810 ,TS 38.508-1(copied from TR 38.810) 
The applicability criteria of the DFF setup are:
-	A manufacturer declaration on the following elements is needed:
-	Manufacturer declares antenna array size
Some discussions happened in RAN5#90e as per [1] and [2], and following action item is generated in RAN5#90e.
	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



Anritsu had proposed Option 1 in [1]. We re-iterate the benefit for Option1 in the following section, and also provide some views on the comments received during RAN5#90e.

2.	Discussion
2.1	Definition of the D
As already shown in [1], there are some misalignment of definitions of D across some descriptions in 38.533, 38.508-1, 38.810 etc. As per the mentioned reason in [1], we propose to clarify the definition of D as follows.
[bookmark: p1]Proposal 1 : Define test method applicability solely based on D rather than antenna configurations, and clarify D with ”the diameter of the smallest sphere that encloses the radiating parts of the phase coherent array antenna(s) active at any one time during the test”.
As already mentioned in [1], current test method applicability defined in Table I.0-1 of 38.533 is not exhaustive enough to cover all the scenarios. By adopting the definition of D in Proposal 1, the test method applicability can be simply written depending on the declared D size.
[bookmark: p2]Proposal 2 : Update the test setup applicability per permitted test method in 38.533 with the following table.
Table I.0-1 AoA Test Setup applicability per permitted test method
	AoA Test Setup
	D > 5cm or No declaration 
	D ≤ 5cm

	Setup 1
	IFF, Enhanced IFF
	DFF, IFF, Enhanced IFF, IFF+DFF

	Setup 2a
	IFF, Enhanced IFF
	DFF, IFF, Enhanced IFF, IFF+DFF

	Setup 2b
	IFF, Enhanced IFF
	DFF, IFF, Enhanced IFF, IFF+DFF

	Setup 3
	Enhanced IFF
	DFF, Enhanced IFF, IFF+DFF

	Setup 4a
	Enhanced IFF
	DFF, Enhanced IFF, IFF+DFF

	Setup 4b
	Enhanced IFF
	DFF, Enhanced IFF, IFF+DFF

	NOTE1:	D =The diameter of the smallest sphere that encloses the radiating parts of the phase coherent array antenna(s) active at any one time during the test., declared by UE vendor as per Table 4.3.9-9 in TS 38.508-2
NOTE2:    DFF indicates both DFF and DFF simplification in TR 38.810.
NOTE3:    For DFF and DFF part of IFF+DFF, minimum range length needs to meet the requirement as specified in 38.508-1 Annex B.2.2-4 with the declared D



2.2	Declaration form of D
2.2.1 	Motivation for introducing declaration of smaller maximum D than 5cm
As already mentioned in [1], we are proposing to allow declaration of maximum D smaller than D. We reiterate the motivations and reasons below.
[bookmark: reasons]Reason 1 : 	Although D=5cm is considered as PC3 maximum antenna aperture in the initial discussion of FR2 test method (3 years ago), it is clear now the most commercial PC3 UE does not have D=5cm and typical value of D is ~3cm or so.
Reason 2 : 	A 2AoA DFF system with a range length corresponding to D=5cm will have a larger footprint and higher cost. In order to cover most commercial PC3 UEs, a range length corresponding to D=5cm is not necessary. If D is declared to be, e.g. 3 cm, a much smaller chamber can be used (and existing chambers can be reused) to test most PC3 UEs. 
Reason 3 : 	The market says that the cost of testing FR2 UE is very high compared to traditional conduction testing, hence it is of high importance to consider the cost aspect of conformance testing in 3GPP standardization in order to make the 5G FR2 testing industry successful.
Reason 4 : 	Test scenario for FR2 UE is expanding to include PC1 UE and larger devices. When trying to cover such test scenarios at minimum cost, setting a limit of D=5cm would hinder the cost optimization potential. Note that even if we adopt Option 2, PC1 UE is still not covered by the system with D=5cm.
In short, the allowing declaration of maximum D with less than 5cm will provide following benefit.
[bookmark: o1]Observation 1 :　 Allowing the declaration of a D < 5cm reduces the total test cost by reducing the chamber footprint and number of chamber to cover the required test scenario, and by providing flexible options for test equipment investment to meet test demands.
One supporting information for Reason 1 is that RAN4 (Feb. 2021 meeting)  has decided to introduce 4x2 arrays as alternative antenna assumptions instead of 8x2 assumption. Also, it is mentioned by some UE vendors [3] in RAN4 that 2x8 array assumption is far from the antenna implemented in the actual PC3 UE. 
R4-2014726 / Samsung
Different from prototype, commercial models have to consider more practical aspects such as UE size, antenna placement, number of antenna panels, trade-off between cost and performance, etc. Till now, most commercial power class 3 models apply 4x1 (4 elements), which is far from 8x2 array (16 elements)
Observation 1:   most commercial power class 3 models apply 4x1 array (4 elements), which is far from 8x2 array (16 elements).
Even considering possibilities in the future, it would be enough to adopt 4x2 array rather than 8x2 array. The possibility to adopt 8x2 array for PC3 commercial UE is too low.
[bookmark: o2]Observation 2 : RAN4 has introduced 2x4 array assumption. UE vendor has indicated possibility to adopt 8x2 array for PC3 UE is too low.
2.2.2 	Views on the comment during the RAN5#90e
Some views on the comment during the last RAN5#90e meeting is provided in this section.
Test coverage of system with shorter range length
Required range length is defined by RDFF = RQZ – D/2 + RFF = RQZ – D/2 + 2D2/λ in TS 38.508-1. Table 1 shows the RDFF for various frequencies and D calculated by this equation (for RQZ=15cm(30cm QZ size)). In Table 1, we also show the case with frequency less than 23.45 GHz, so called FR1.5, for information as well.
As shown for D=5cm, and 53.4GHz, the range length of 101.6cm is required if the test system supports all of these scenarios. As an example, we assume a test system with 60cm range length. Then such a test system will cover the scenarios with black characters in the following table. Considering that the typical PC3 UEs have D=3cm or so (e.g. 4x2), then 60cm suffices for testing the most PC3 UEs for up to 53.4GHz. Note that larger antenna elements than FR2 can be used for e.g. FR 1.5. However, there is no problem for such a case as FF distance(2D2/λ) is much shorter than higher frequencies hence even D=5cm can still be tested with a 60cm range length system.
Table 1 Required Range Length and Example of Test Coverage
(Blue part is covered by e.g. 60cm)
	　
	D[cm]
	　
	　
	　
	　
	　
	　

	f[GHz]
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5
	5.0

	12.75
	17.4
	19.1
	21.2
	23.7
	26.6
	30.0
	33.8

	15
	18.0
	20.0
	22.5
	25.5
	29.0
	33.0
	37.5

	20
	19.3
	22.1
	25.5
	29.6
	34.3
	39.8
	45.9

	23.45
	20.3
	23.5
	27.6
	32.4
	38.0
	44.4
	51.6

	32.125
	22.6
	27.1
	32.8
	39.5
	47.3
	56.1
	66.1

	40.8
	24.9
	30.8
	38.0
	46.6
	56.6
	67.9
	80.5

	44.3
	25.8
	32.2
	40.1
	49.5
	60.3
	72.6
	86.4

	49
	27.1
	34.2
	42.9
	53.3
	65.3
	78.9
	94.2

	53.4
	28.2
	36.0
	45.6
	56.9
	70.0
	84.9
	101.6



[bookmark: o3]Observation 3:  Considering the 8x2 is not likely to be implemented in actual PC3 UEs, even with the test system with reduced range length (e.g. 60cm) has coverage for most PC3 UEs. 
Need of reconsidering the MU
It has been commented by a company that if there is a need to re-consider the MU for the test system with shorter range length. It has been discussed in RAN4 on the additional measurement error for e.g. beam peak EIRP, spherical coverage for near field measurement where Range Length over QZ size is small. Although it was discussed in the near field test method context, it may be generally true that the shorter-range length will result in some directional errors.
However, when it comes to the 2AoA FR2 RRM test, the situation will be different. A condition for the selected test direction for FR2 RRM test is defined as either of the following 2 cases.
i. Beam Peak
ii. Non-Beam Peak
For  i), the discussion on the smaller range length over QZ size could  apply. For  ii) on the other hand, the only condition is that the EIS of the test direction meets the specific absolute EIS value(fixed value) or not (for PC3 UE, values in Table 6.2.1.3.1 in 38.101-2). The distribution (relative relations) of EIS over the sphere is not a matter in this case. Hence at least for the case we use DFF for non-beam peaks, there is no need to re-consider the MU.
[bookmark: o4]Observation 4 : No need to re-consider the MU when we apply DFF for “non-beam peak” direction.
2.3	 Proposal
Although only 2 extreme options are proposed in the first documents [1], [2] or in action item, we still have some more options in between them. We can define following options. We need to put stress on that RAN4 has introduced 2x4 array assumption based on UE declaration, hence Option 4 is well aligned with that decision as well.
[bookmark: options]Option 1 : 	UE vendor declares the maximum D size in cm
Option 2 : 	UE vendor declares whether the maximum D size is less than or equal to 5cm
Option 3 : 	UE vendor declares whether the maximum D size is less than or equal to 3cm, 3.5cm, 4cm, 4.5cm or 5cm[new] 
Option 4 : 	UE vendor declares whether the maximum D size is less than or equal to [3cm] or 5cm ( [3cm] : corresponding to 2x4 array) [new]
With mentioned reasons in the above sections, we propose the declaration of D based on Option 1. 
[bookmark: p3]Proposal 3: 	Adopt optional vendor declaration of antenna aperture size D based on Option 1 (per band basis)
However, if it is not acceptable, we Option 3 or Option 4 is fallback proposal (Option 3 is preferable)
[bookmark: p4]Proposal 4 :	 If Option 1 is not acceptable, adopt optional vendor declaration of antenna aperture size D based on Option 3 or Option 4 (per band basis)
 
3.	Conclusion
In this paper we provide our view on the form of declaration of D.
Following options are listed
Option 1 : 	UE vendor declares the maximum D size in cm
Option 2 : 	UE vendor declares whether the maximum D size is less than or equal to 5cm
Option 3 : 	UE vendor declares whether the maximum D size is less than or equal to 3cm, 3.5cm, 4cm, 4.5cm or 5cm[new] 
Option 4 : 	UE vendor declares whether the maximum D size is less than or equal to [3cm] or 5cm ( [3cm] : corresponding to 2x4 array) [new]
Following observations are made.
Observation 1 :　 Allowing the declaration of a D < 5cm reduces the total test cost by reducing the chamber footprint and number of chamber to cover the required test scenario, and by providing flexible options for test equipment investment to meet test demands.
Observation 2 : RAN4 has introduced 2x4 array assumption. UE vendor has indicated possibility to adopt 8x2 array for PC3 UE is too low.
Observation 3:  Considering the 8x2 is not likely to be implemented in actual PC3 UEs, even with the test system with reduced range length (e.g. 60cm) has coverage for most PC3 UEs. 
Observation 4 : No need to re-consider the MU when we apply DFF for “non-beam peak” direction.
RAN5 is asked to endorse following proposals.
Proposal 1 : Define test method applicability solely based on D rather than antenna configurations, and clarify D with ”the diameter of the smallest sphere that encloses the radiating parts of the phase coherent array antenna(s) active at any one time during the test”.
Proposal 2 : Update the test setup applicability per permitted test method in 38.533 with the following table.
Proposal 3: 	Adopt optional vendor declaration of antenna aperture size D based on Option 1 (per band basis)
Proposal 4 :	 If Option 1 is not acceptable, adopt optional vendor declaration of antenna aperture size D based on Option 3 or Option 4 (per band basis)
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