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1
Introduction
Given that the RAN4 #86 meeting is the final meeting in the current work plan for the study on test methods for NR [1], this contribution provides proposals for concluding the SI.
2
Discussion (for information)
2.1
Background
The objectives of the study item are [1]:
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Considering the existing SI status reports, which span three RAN Plenary meetings, we can identify the aspects which have been concluded.

Completed by RAN #76 [3]:
· Progress was made toward defining the measurement uncertainty budget and related test tolerances for the baseline setup
Completed by RAN #77 [4]:
· Progress was made toward defining the measurement uncertainty budget and related test tolerances for the baseline setup
· The RRM baseline setup was defined
Completed by RAN #78 [5]:
· The measurement uncertainty budget for the EIRP measurement was agreed
· Assuming D = 5 cm, where D is the radiating antenna aperture of the DUT, and maximum UE output power

· The measurement uncertainty budget for the TRP measurement was agreed
· Assuming D = 5 cm, where D is the radiating antenna aperture of the DUT, and maximum UE output power

The list of open issues from the latest status report [5] is provided below:

· For UE RF testing methodology

· Finalize the measurement uncertainty budget for the EIRP and TRP measurements for the case of D = 15 cm

· Define the related test tolerances for the EIRP and TRP measurements

· Define the measurement uncertainty budget and related test tolerances for the EIS measurement
· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget
· For UE RRM testing methodology
· Define how to model propagation conditions between the DUT and the emulated gNB sources

· Define the measurement uncertainty budget and related test tolerances for the baseline setup
· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget
· For UE demodulation testing methodology
· Finalize the baseline measurement setup
· Define how to model propagation conditions between the DUT and the emulated gNB sources

· Define the measurement uncertainty budget and related test tolerances for the baseline setup
· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget
During the RAN4 AH #1801 the following outcomes were achieved [6]:

· Applicability criteria for the RF baseline measurement setup were agreed
· An uncertainty assessment of EIS for the RF baseline measurement setup was introduced

· Applicability criteria for the uncertainty assessment were agreed

· A work plan for the study of alternative test methods was agreed

· The work split between RAN4 and RAN5 on measurement uncertainty and test tolerance was agreed

· Agreements on MU, quiet zone, and reference grids were captured

· A way forward on performance testing was agreed
2.2
RF scope
2.2.1
RAN4 AH #1801 outcomes
We first consider the impact of the RAN4 AH #1801 outcomes on the SI objectives and remaining open issues:

· Given the agreed work split on MU/TT, it is recommended to update the SID by replacing “measurement uncertainty budget” with “preliminary uncertainty assessment.”
· Given the agreed work split on MU/TT, it is recommended to update the open issues tracked by the SR by replacing “measurement uncertainty budget” with “preliminary uncertainty assessment” and by removing “test tolerances” from the scope.
· The preliminary uncertainty assessment for the EIS measurement was agreed, assuming D = 5 cm, where D is the radiating antenna aperture of the DUT

Thus, the remaining open items for the RF scope of the SI can be described as:
· Finalize the initial uncertainty assessment for the EIRP, TRP, and EIS measurements for the case of D = 15 cm
· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the initial uncertainty assessment
2.2.2
Beam peak determination
During the last several meetings, a number of companies have raised the issue of alignment of the UE beam peak direction with the grid of measurement points defined by the test system, provided that the initial positioning of the UE inside the test zone may be arbitrary.
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Figure 1: Conceptual illustration in 2D of possible UE beams in all directions,
the initial test points, and the adjusted test points after beam peak determination
We observe that for an arbitrary placement of the DUT relative to the measurement system test points, the error in the measurement of beam peak EIRP can be quite large due to the quantization of the system test points and the angles of the UE beams themselves.  Thus, it is necessary to introduce a beam peak determination procedure to the RF baseline setup.  Details of its procedure are left to test system implementation.  Furthermore, the following trade-offs with measurement uncertainty can be observed:

· The accuracy of the beam peak determination

· The test point density

· The directivity of the UE beam

In addition, when measuring the CDF for the spherical coverage requirement, a systemic error, or bias, is introduced by the expected misalignment between the beam directions of all possible UE beams and the test points, where the magnitude of the error depends on the test point density and distribution around the UE. It is also to be highlighted that incase a UE uses multiple panels in non-coherent mode, there will be pointing errors for each beam. Depending on the measurement grid density, antenna beamwidth and beamformer resolution there can be a systematic error. This amplitude/power imbalance error is caused when the entire DUT is not satisfying FF criteria.
An illustrative diagram is as shown below in Figure. 2.
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Figure 2. Beam pointing error due to pointing error for the case of multi panel non-coherent operation
2.2.3
Aperture applicability scenarios
Because the applicability of the baseline measurement system, which is defined in the direct far field, was derived based on uncertainty assessment considerations, it is feasible to consider a measurement system implementing different setup criteria to address the case of 5 < D ≤ 15 cm.  Furthermore, it may be clearer to refer to the baseline measurement system as the direct far-field (DFF) method.
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Figure 2: Illustration of the test system applicability to a single aperture, D = 5 cm (DUT Category 1)
If a single aperture, D = 5 cm, is integrated into a device which can be placed within the test zone of diameter 15 cm, the baseline RF measurement setup is applicable for any displacement of the aperture relative to the center of the quiet zone.  In this situation, the following requirement on test zone quality applies:

· A magnitude requirement on test zone quality is sufficient.
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Figure 3: Illustration of the test system applicability to multiple non-coherent apertures, D = 5 cm (DUT Category 2)
If multiple apertures, each D = 5 cm, are integrated into a device which can be placed within the test zone of diameter 15 cm, and if the signal from each aperture is processed by an independent receiver chain, then the baseline RF measurement setup is applicable for any displacement of the aperture relative to the center of the quiet zone. As highlighted in section 2.2.2, there will be to be additional MU  compared to the case of single panel operation while following FF criteria based on aperture size of D=5cm.  In this situation, the following requirements on test zone quality apply:

· A magnitude requirement on test zone quality is sufficient.
· The test system minimizes the power imbalance between the fields sampled by all apertures.
· The magnitude of power imbalance can be optimized depending on the pointing angel error and impacts measurement uncertainty.
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Figure 4: Illustration of the test system applicability to single aperture, D = 15 cm (DUT Category 3)
If a single aperture, D = 15 cm, is integrated into a device which can be placed within the test zone of diameter 15 cm, the baseline RF measurement setup is not applicable to such a device.  A different measurement setup is needed such that for any displacement of this aperture relative to the center of the quiet zone, repeatable measurements can be made.  In this situation, the following requirement on test zone quality apply:

· A magnitude and phase requirement on test zone quality is sufficient.
· The associated test zone quality metric can be optimized and impacts measurement uncertainty.
Input from operators has been received that the measurement setup needs to accommodate testing of notebook and tablet device types.  Thus, an extension of the applicability of the baseline measurement setup is needed to establish applicability to the case of quiet zone diameter = 30 cm.
2.2.4
Methodology packages
The full package of measurement setup description and applicability, test procedure/calibration aspects, and preliminary uncertainty assessment is expected for the following candidate methodologies:

· Indirect far-field (IFF) method (also termed the compact antenna test range)
· Near-field to far-field (NFTF) approximation method

· Reverberation chamber (RC) method
2.2.5
Managing the TR structure

Given the advanced state of the IFF method definition, it is reasonable to expect that the full package for this method can be agreed.  In this situation, it is necessary to consider the TR structure, since the IFF method is applicable to all scenarios described in Section 2.2.3.  Toward this end, we consider the following options:

Option 1: Define a single baseline and identify applicability of testing methodology as a function of aperture size, such that:
· For single or multiple non-coherent apertures, D ≤ 5, the DFF method is the baseline method

· For single or multiple non-coherent apertures, D ≤ 5, the IFF method is the alternative method

· For single aperture, 5 < D ≤ 15, the IFF method is the baseline
Option 2: Redefine the baseline, such that:

· For all scenarios, the IFF method is the baseline

· For single or multiple non-coherent apertures, D ≤ 5, the DFF method is the alternative method
Option 3: Abandon the concept of baseline and define applicable methods per scenario, such that:

· Each sub-clause of Clause 5.2 is one scenario identified

· Within each scenario sub-clause all applicable methods are defined

· Detailed TR clause structure needs further discussion so that it can be agreed before the end of RAN4 #86
Option 4: Abandon the concept of baseline and define applicable scenarios per method, such that:

· Each sub-clause of Clause 5.2 is one method

· Within each method sub-clause all applicable scenarios are defined

· Detailed TR clause structure needs further discussion so that it can be agreed before the end of RAN4 #86
2.2.6
Other open issues

The remaining open issues associated with the RF setup can be summarized as follows:

·  How to address the EVM measurement from the perspective of test procedure/calibration, dynamic range, and quiet zone quality aspects

· Other aspects are not precluded, although it is recognized that the EVM measurement procedure has not yet been defined in the NR Core requirement WI
· How to address EIRP/TRP measurements at low power

· It is recognized that following the work split on MU/TT, RAN4 is not expected to quantify the detailed MU budget per test case

· How to address the fixed wireless access device type
· It is recognized that the reference architecture of the WFA device type is in the initial stages of discussion in RAN4
· How to address the measurement under extreme temperature conditions
· It is recognized that the further study is necessary on measurement under the extreme temperature conditions especially with requirements related to a power measurement.
2.3
RRM scope

2.3.1
Open issues

The remaining open issues associated with the RRM setup can be summarized as follows:

· Definition of applicability criteria, e.g DUT radiating aperture and QZ size. Other criteria are not precluded.

· Simplification of TDL channel models is FFS.

· Parameter mapping to RRM requirements are FFS

· How to define the far field criteria is still FFS.

2.4
Demodulation scope

2.4.1
Open issues
The remaining open issues associated with the demod setup can be summarized as follows:

· Definition of applicability criteria, e.g DUT radiating aperture and QZ size. Other criteria are not precluded.
· Parameter mapping to demodulation and CSI requirements are FFS

· Whether the measurement can be performed in the radiative near field is FFS

· Simplification of channel models is FFS

3
Agreements (for approval)
3.1
RF scope
Proposal 1: Given the agreed work split on MU/TT, it is recommended to update the SID by replacing “measurement uncertainty budget” with “preliminary uncertainty assessment.”

Proposal 2: Given the agreed work split on MU/TT, it is recommended to update the open issues tracked by the SR by replacing “measurement uncertainty budget” with “preliminary uncertainty assessment” and by removing “test tolerances” from the scope.

Proposal 3: The preliminary uncertainty assessment for the EIS measurement was agreed, assuming D = 5 cm, where D is the radiating antenna aperture of the DUT; this is applicable for DUT Category 1; applicability for DUT Category 2 is FFS.
Proposal 4: Agree to introduce a TX and RX beam peak determination procedure to TR38.810, as described in Section 2.2.2.
Proposal 5: void.
Proposal 6: Agree the aperture applicability scenarios and the associated parameters in Section 2.2.3 of this paper.

Proposal 7: Applicability of the RF measurement setup is needed for the case of quiet zone diameter = 30 cm..
Proposal 8: A conclusion on all methodology packages is needed.
Proposal 9: Given the scenario definitions and the outcome of the related methodology package adoption, the potential options to manage the TR structure are outlined in Section 2.2.5; other options are not precluded.  A decision on TR structure is needed during RAN4 #86, because RAN Plenary expects a presentation of TR38.810 for approval during the RAN #79 meeting.
Proposal 10: How to handle the remaining issues needs to be addressed; a prioritization of the open issues and a decision whether these issues preclude the conclusion of the RF scope of the SI are needed.
3.2
RRM scope

Proposal 11: The following open issues with RRM scope need to be resolved:
The remaining open issues associated with the RRM setup can be summarized as follows:

· Definition of applicability criteria, e.g DUT radiating aperture and QZ size. Other criteria are not precluded.

· Simplification of TDL channel models is FFS.

· Parameter mapping to RRM requirements are FFS

· How to define the far field criteria is still FFS.

3.3
Demodulation scope
Proposal 12: The following open issues with demodulation scope need to be resolved:

The remaining open issues associated with the demodulation setup can be summarized as follows:

· Definition of applicability criteria, e.g DUT radiating aperture and QZ size. Other criteria are not precluded.

· Parameter mapping to demodulation and CSI requirements are FFS

· Whether the measurement can be performed in the radiative near field is FFS

· Simplification of channel models is FFS
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The objective of this Study Item is to define the over the air (OTA) testing methodology for UE RF, UE RRM, and UE demodulation requirements for New Radio, the associated measurement uncertainty budget(s), and the related test tolerances.  The Study Item’s outcome shall be captured in TR 38.810.





The testing methodology development proceeds within the following scope:


In general


Targeting frequencies above 6 GHz, work should be prioritized according to the frequency ranges that are included in the NR work item (RP-170855)


For the following device types: 


Smart phone 


Laptop mounted equipment (such as plug-in devices like USB dongles)


Laptop embedded equipment 


Tablet 


Wearable devices  


Vehicular mounted device 


Fixed Wireless Access (FWA) terminal


Fixed mounted devices (e.g. sensors, automation etc.)


Other UE types are not precluded for discussion as a second priority.


The development of test methodology aspects shall initially focus on the FWA, tablet, and smart phone device types


Utilizing the free space (FS) testing configuration


Using the UE measurement coordinate system from TR38.803 as a baseline


Define any Test Interface (TI) aspects that are needed for certain control and measurement functions


RAN4 to verify the alignment of the labs participating in the methodology development work in terms of test reproducibility


For UE RF testing methodology


Using the UE RF testability agreements from TR38.803 as a baseline


For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode, an LTE link antenna setup is used to configure the NR link used in the NR RF measurements


Depending on the outcome of the in-device-coexistence study, the testability aspects of NSA (LTE+mmWave) may need to be identified


Define the measurement uncertainty budget and related test tolerances for the baseline setup in Clause 10.2.2.1 of TR38.803 and for the centre of beam measurement setup in Clause 10.2.2.2 of TR38.803


For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget


For UE RRM testing methodology


Using the RRM testability agreements from TR38.803 as a baseline


Finalize the baseline measurement setup


Define how to model propagation conditions between the DUT and the emulated gNB sources


Define the measurement uncertainty budget and related test tolerances for the baseline setup


For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget


For UE demodulation testing methodology


Define the baseline measurement setup


Define how to model propagation conditions between the DUT and the emulated gNB sources


Define the measurement uncertainty budget and related test tolerances for the baseline setup


For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget





With the understanding that some aspects of testing methodology may impact the definition of the associated core or performance requirement (e.g. practical considerations in the selection of a channel model for the demodulation testing methodology may impact the simulation assumptions for the related performance requirement), a degree of coordination with the NR Work Item may be needed. The objectives of the SI that are related to the core part of the WI should be prioritized. 
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