Page 1

3GPP TSG-RAN5 Meeting #86-e	R5-200020r1
Electronic Meeting, 17th - 28th February 2020
Title:							IFF DFF Hybrid setup for FR2 RRM 2AoA Test
Source:			Anritsu
Agenda Item:			5.3.2.17
Document for:			Endorsement

1.	Introduction
In [1], benefit of IFF+DFF hybrid setup for FR2 RRM 2 AoA test was discussed.  In this paper we provide the some experiment data to prove feasibility of IFF+DFF hybrid setup, and also clarify some points indicated from the group in RAN5#85.
We re-iterate the benefit of using IFF+DFF hybrid setup for FR2 RRM 2AoA test. 
Benefits of IFF+DFF hybrid system
· Benefit 1 : Test of all TRx, Demod and RRM in the single chamber is possible
· Benefit 2 : Chamber size can become smaller
· Benefit 3 : Total test system cost will be reduced 
Especially, there is high demand from test industries for testing in the single and smaller chamber, hence meeting these demands is of high benefit for whole mobile industries.
2.	Discussion
2.1 Feasibility analysis
Fig 1 shows the example of hybrid setup with one IFF TRxP and DFF TRxPs.
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Figure 1 2 AoA RRM Test System utilizing IFF as one TRxP (example)
As a baseline requirement, RRM 2AoA test system needs to realize the relative angular difference of {30, 60, 90, 120, 150} degrees. The concrete way to realize these discrete relative angular differences are up to TE implementations. 
2.1.1 Experiments
The main factors that can cause a problem in IFF+DFF hybrid setup is the interference/scattering caused by the IFF reflector, which is the a big, compared to DFF TRxP, object made with metals.
The reflection of the IFF reflector can be calculated geometrically by positional relation of TRxPs and the reflector, hence it is predictable. Therefore, as the major premise, the design of the chamber (e.g. place of TRxPs) should be done so that such predictable reflections do not cause any interference. 
The problem is the non-predictable reflections caused by the IFF reflector. Followings are one of the expected problematic interference modes.
· Signal from DFF TRxP@150deg is reflected/scattered at the reflector edge and injected back to DUT
· Signal from DFF TRxP is reflected somewhere inside a chamber and go to IFF reflector and then injected back to DUT
These two cases are depicted in Fig 2 with red-lines.
· [image: ]
· Figure 2 Experiment of undesired reflections from IFF reflector

We conducted the experiments to evaluate these undesired interferences for these scenarios. This effect is evaluated by comparing S21 of DUT - DFF TRxP@150deg path with and without IFF reflector as depicted in Fig. 2.
In the experiment, reference antenna is set as transmitter and DFF TRxP@150deg is set as receiver. For reference antenna, HPBW= 60 deg(both side)  is used. Reference antenna is rotated and S21 for each angle is measured.


2.1.2 Measurement result
Fig 3 and 4 show the S21 result for 28GHz for H pol and V-pol signals. 
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Figure 3 Comparison of S21 between w/ and w/o reflector (H-pol, @28GHz)
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Figure 4 Comparison of S21 between w/ and w/o reflector (V-pol, @28GHz)

Same experiment is repeated for 40GHz and the results are shown in Fig.5 and Fig.6.
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Figure 5 Comparison of S21 between w/ and w/o reflector (H-pol, @40GHz)
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Figure 6 Comparison of S21 between w/ and w/o reflector (V-pol, @40GHz)

Seeing Fig 3 to 6, difference of the S21 around the main lobe of reference antenna, which contain dominant power and is relevant for the test, coincides well for w/ and w/o reflector cases. This means that the effect from unwanted reflections from IFF reflector in the scenario in Fig2 can be small enough and not harmful for test purpose. 
[bookmark: O1]Observation 1 :  Effect of unwanted reflections due to reflector in one of the expected worst case scenario specific to IFF+DFF hybrid setup can be is small enough 
Of course, the detailed absolute places, numbers, HPBW, etc of TRxPs are up to TE implementations and choice of them can give different impact for the unwanted reflections inside a chamber. But these experiment results show it is feasible to design IFF + DFF hybrid system so that effect from unwanted reflections due to reflectors becomes small enough. Hence, IFF+DFF hybrid setup can be feasible and can be used for 2AoA RRM tests. The residual effect of unwanted reflection/scattering due to multiple TRxPs after optimized design can be included in QoQZ MU. 
[bookmark: O2]Observation 2 :  Designing the test system to minimize the effect of unwanted reflections due to IFF reflector is  possible, hence IFF+DFF hybrid setup can be used for 2AoA RRM Test 
[bookmark: P1]Proposal 1 : Permit IFF+DFF hybrid setup for 2AoA RRM Test.
2.2 Clarifications on some aspects
2.2.1 Applicability Criteria
In 2AoA RRM test case, many test cases require the change of relative angular relations for every iteration. In hybrid setup, it can be considered as a typical case that one of or both of 2 TRxPs is/are DFF TRxP(s). As DFF has less capability in terms of applicable UEs, it is a natural consequence that “applicable UE condition” should follow that for DFF when to test 2AoA RRM Test Cases in IFF+DFF hybrid setup. Hence, quoting the tables in TR 38.810, applicability of the test system for DFF+IFF will be defined as follows.

Table 2.1.1 (Table 5.3-1: DUT Antenna Configuration in TR 38.810)
	DUT Antenna Configuration
	Description

	1
	Maximum one antenna panel with D ≤ 5 cm active at any one time

	2
	More than one antenna panel D ≤ 5 cm without phase coherence between panels active at any one time

	3
	Any phase coherent antenna panel of any size (e.g. sparse array)



Table 2.1.2 (Table 5.3-2: Overview of test method applicability for permitted test methods in TR 38.810)
	DUT Antenna Configuration
	Direct Far Field (DFF)
	Indirect Far Field (IFF)
	Near Field to far field transform
(NFTF)
	IFF+DFF Hybrid setup for RRM 2AoA Test

	1
	Yes
	Yes
	Yes
	Yes

	2
	Yes
	Yes
	Yes
	Yes

	3
	No
	Yes
	No
	No

	NOTE:	A positive indication means that applicability exists for at least one RF test cases for the given DUT Antenna Configuration



[bookmark: P2]Proposal 2 : Define test method applicability as shown in Table 2.1.2 for IFF+DFF hybrid setup for 2AoA RRM test
2.2.2 Quality of Quiet Zone verification
TR 38.810 says QoQZ evaluation is necessary for only reference probe named P0, where P0 is defined as the TRxP along which the global z-axis is defined.
The absolute position of the probes is left up to implementation. The relative angular relationship between two AoAs can be achieved using any combination of probes. The relative orientation of the coordinate system is defined with respect to one probe, referred to as the reference probe P0 along which the z-axis is defined. The test conditions in Annex C.2 and the positioning guidelines in C.3 apply to the RRM baseline setup. The quality of quiet zone validation defined in Annex D only needs to be performed with the reference probe P0.
For hybrid setup, our view is at least 1 QoQZ for IFF among whole IFF TRxPs , and at least 1 QoQZ for DFF TRxPs needs to be verified as they can have different QoQZ and are not compatible each other. 
[bookmark: P3]Proposal 3 : Mandate QoQZ verification for at least one of the IFF TRxPs and at least one of the DFF TRxPs. The details of the QoQZ evaluation method for IFF+DFF Hybrid setup can be studied further.

[bookmark: NewP3]Proposal 3: Details of QoQZ evaluation method for IFF+DFF Hybrid setup is FFS.
Note that global z-axis only directs to one of the TRxPs and the other TRxPs will be at different position where global z-axis does not direct to it. In that case, QoQZ needs to be measured along with the coordinate system of which z-axis directs to the TRxP for which QoQZ is measured.
[bookmark: P4]Proposal 4 : QoQZ verification shall be done along with the coordinate system of which z-axis directs to the target TRxP.
Despite the description in QoQZ verification in 38.810, it is not yet specified in RAN5 test specification. Some clarification on QoQZ verification needs to be added to 38.508-1 not only for IFF+DFF hybrid setup, but also other setups DFF, enhanced IFF.
2.2.3 Quiet Zone size
Quiet zone size of IFF TRxPs and DFF TRxPs follows that of IFF TRx Setup and DFF TRx Setup, respectively. Different quiet zone size for IFF and DFF can be possible (this can be possible even in  DFF or enhanced IFF, though) and in that case the smallest quiet zone size among them is regarded as the quiet zone size of IFF+DF setup for 2AoA RRM Test.
[bookmark: P5]Proposal 5 : Quiet zone size of IFF TRxPs and DFF TRxPs follows that of IFF TRx setup and DFF TRx setup, respectively. 
[bookmark: P6]Proposal 6 : In case quiet zone size is different between IFF and DFF, the smallest quiet zone size among them is regarded as the quiet zone size of IFF+DFF hybrid setup.
2.2.3 Measurement Uncertainty
As the measurement uncertainty in RRM test case is defined per cell, i.e. per TRxP, basis, then there is no special thing to be considered for DFF+IFF test setup. MU is just defined for DFF TRxP and IFF TRxP respectively.
Some more consideration for MU definition for FR2 RRM setup considering different test setup is provided in separated paper[2].
When a test lab uses IFF+DFF hybrid setup for 2 AoA test cases , it is required to assess the measurement uncertainty elements that are applicable to both test setup e.g. QoQZ. Those Measurement uncertainty elements needs to be assessed for DFF and IFF TRxP respectively (write them as MUIFF,Hybrid, and MUDFF,Hybrid ). By taking the conservative approach, the resulting MU elements of Hybrid Setup for 2AoA Test Cases should be defined as Max(MUIFF,Hybrid, MUDFF,Hybrid). The MU for the 1 AoA test cases shall be defined based on the setup used for the respective test cases, i.e., MUIFF,Hybrid for the IFF setup or MUDFF,Hybrid for the DFF setup
[bookmark: NewP4]Proposal 4: Define measurement uncertainty of elements that are applicable to both test setups  for 2 AoA test cases as Max(MUIFF,Hybrid, MUDFF,Hybrid) where MUIFF,Hybrid, MUDFF,Hybrid are assessed MU of IFF TRxP and DFF TRxP in IFF+DFF Hybrid Setup.
Proposal 5: Revise the approach in proposal 4 ( taking element-by-element max ) if it gets clear that this approach results in bigger MU than Max(Total MUIFF,Hybrid, Total MUDFF,Hybrid)


3.	Conclusion
Followings are observed:
Observation 1 :  Effect of unwanted reflections due to reflector in one of the expected worst case scenario specific to IFF+DFF hybrid setup is small enough 
Observation 1 :  Effect of unwanted reflections due to reflector in IFF+DFF hybrid setup can be small enough
Observation 2 :  Designing the test system to minimize the effect of unwanted reflections due to IFF reflector is  possible, hence IFF+DFF hybrid setup can be used for 2AoA RRM Test 
Observation 2 :  Designing the test system to minimize the effect of unwanted reflections due to IFF reflector is  possible, hence IFF+DFF hybrid setup can be used for 2AoA RRM Test 
 Observation 1 :  Effect of unwanted reflections due to reflector in IFF+DFF hybrid setup can be small enough
RAN5 is asked to endorse following proposals.
Proposal 1 : Permit IFF+DFF hybrid setup for 2AoA RRM Test.
Proposal 1 : Permit IFF+DFF hybrid setup for 2AoA RRM Test.
Proposal 2 : Define test method applicability as shown in Table 2.1.2 for IFF+DFF hybrid setup for 2AoA RRM test
Proposal 2 : Define test method applicability as shown in Table 2.1.2 for IFF+DFF hybrid setup for 2AoA RRM test
Proposal 3: Details of QoQZ evaluation method for IFF+DFF Hybrid setup is FFS.
 Proposal 4: Define measurement uncertainty of elements that are applicable to both test setups  for 2 AoA test cases as Max(MUIFF,Hybrid, MUDFF,Hybrid) where MUIFF,Hybrid, MUDFF,Hybrid are assessed MU of IFF TRxP and DFF TRxP in IFF+DFF Hybrid Setup.
 Proposal 5: Revise the approach in proposal 4 ( taking element-by-element max ) if it gets clear that this approach results in bigger MU than Max(Total MUIFF,Hybrid, Total MUDFF,Hybrid)
Proposal 3 : Mandate QoQZ verification for at least one of the IFF TRxPs and at least one of the DFF TRxPs. 
Proposal 4 : QoQZ verification shall be done along with the coordinate system of which z-axis directs to the target TRxP.
Proposal 5 : Quiet zone size of IFF TRxPs and DFF TRxPs follows that of IFF TRx setup and DFF TRx setup, respectively. 
Proposal 6 : In case quiet zone size is different between IFF and DFF, the smallest quiet zone size among them is regarded as the quiet zone size of IFF+DFF hybrid setup.
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