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Background
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The new study on enhanced test methods for FR2 [1] was approved during the RAN #85 meeting with the following objectives [SID]:
The objectives of this study are to enhance the FR2 RF testing methodology and to quantify the impact of the enhancements on the UE performance, as related to the polarization basis mismatch between the test equipment and UE and to add support for testing under extreme temperature conditions.  The study item’s outcome shall be captured in TR38.xyz.

The development of testing methodology enhancements proceeds within the following scope:
-	In general
-	Target the testing and calibration aspects of the permitted methods for FR2 UE RF testing and the preliminary assessment of measurement uncertainty (Clause 5.2 and Annex B of TR38.810)
- 	The test methodologies and procedures shall be applicable for different device types and power classes with DUT size defined in the TR 38.810.  Prioritize the study to PC3 for aspects related to DUT size, and limit the study to free space conditions
-	The study item outcomes shall capture the efficacy of the enhancements
-	Objectives related to regulatory test cases shall be prioritized
The detailed objectives are:
1.	Define test methodology for high DL power and low UL power test cases
-	Considering path loss reduction, measurement antenna gain improvement, DUT positioning improvement, and MU improvement
-	Considering NFTF (defined in Clause 5.2 of TR38.810) and direct near field test methodologies as possible alternative methods
-	Other approaches are not precluded
-	Study preliminary assessment of measurement uncertainty of new alternative methods
2.	Define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing
-	Considering polarization basis mismatch between the test equipment and UE and UE implementations which may be impacted by this mismatch
-	Study EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement
- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-	Possible enhancements may be described as
-	Downlink polarization sweeping by the test equipment (i.e. introducing an additional degree of freedom for polarization alignment of the measurement antenna)
-	The use of circular polarization to perform measurements
-	Coherent combining and demodulation of orthogonally polarized received signals in the test equipment
-	Uplink polarization sweeping by the test equipment to search for the optimal polarization angle to receive and demodulate the signal transmitted by the UE
-	Considering NFTF (defined in Clause 5.2 of TR38.810) test methodology for EIS measurement
-	Other approaches are not precluded
3.	Study testability enhancements to support the verification of RF requirements for inter-band (FR2+FR2) CA
-	Work on inter-band DL CA is prioritized
-	Whether the test setup shall be restricted to emulating the signal from the same direction for the aggregated bands shall be aligned with the UE RF architecture assumption taken in the work item on NR RF Requirement Enhancements for FR2 [UID 830189] 
4.	Support extreme temperature conditions for all applicable FR2 UE RF test cases
-	Considering beam peak search, spherical coverage, and total radiated power procedures
- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-	Study preliminary impacts on system measurement uncertainty under extreme temperature conditions
5.	Study testability enhancements to support the verification of RF requirements for FR2 DL 256QAM
6.	Study testability enhancements to reduce test time
-	Including RF test method enhancement with reduced test time, and possible test time saving approach for UE Demodulation test and RRM test

The first three objectives were prioritized until RAN #87 (March 2020). In this contribution we provide our views on these three objectives.
High DL power and Low UL power test cases
As described in the SID [1] [x], when RAN5 started assessing the feasibility of test cases based on the accepted methodologies in TR 38.810 [6] [TR 38.810]  together with the MU assessment, there were many core requirements found as untestable with state-of-the-art technology:
[bookmark: _Toc21003156]Table 1  Status of RAN5 decision for FR2 TRx test cases with testability issue
Test Case
Test Specification
Testability Issue
RAN5 Decision
Related documents
Maximum input level
TS38.521-2
TS38.521-3(EN-DC with FR2)
High DL Power (Note1)
Required relaxation is 26dB for  n257/n258/n261 and 34dB for n260. RAN5 decided not to test on all FR2 bands.
R5-185805
Adjacent channel selectivity


Required relaxation for the interferer of Case 2 is 26dB for n257/n258/n261 and 34dB for n260.
Do not test ACS case 2 since with relaxation it is same as case 1, focus on case 1.
R5-195134
Transmit OFF power

Low UL Power(Note 2)
Required relaxation is agreed as 30.4dB for 400MHz for n257/n258/n261 with 1dB SNR impact, for n260 for 400MHz BW further discussion is required. 
Not to test or test with relaxation is TBD.
R5-187273
R5-187274
R5-188063
R5-188065
R5-195135
(Receiver) Spurious emissions


Estimated SNR is smaller than -15 dB, required relaxation larger than 25 dB depending on frequency range. 
Not to test or test with relaxation is TBD.

Spurious emission band UE co-existence


Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU.

Adjacent channel leakage ratio


Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU.

Minimum output power


Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU.

Note 1 : Testability issue due to the upper limit of downlink power achievable from the test system. 
Note 2 : Testability issue due to the lower limit of measurable power level by the test system.
Note 3 : This table does not list all of the test cases with testability issues. RAN5 continue to study the testability of remaining TRx test cases and treatment of them. 



The RAN5 work on defining the measurement uncertainties and investigating the testability of the minimum requirements is still ongoing and further results are expected in the upcoming meetings.
It also has to be noted that RAN5 has already agreed in [5][WF on MTSU]  to continue optimizing the Maximum Test System Uncertainty (MTSU) assessment given the condition there has been sufficient time for technology and process enhancement to reach a meaningful improvement of the MTSU. As a part of this process, the improvement of the existing test methodologies should also lead to solve some of the testability issues.
[bookmark: _Toc21003157][bookmark: _Toc21003340][bookmark: _Toc21003405][bookmark: _Toc21098650][bookmark: _Toc21098800][bookmark: _Toc21098823][bookmark: _Toc21099349]Observation 1: RAN5 is still working on the analysis of current methodologies and already have in plan further improvement of the MTSU.
Therefore, the work on any improvement in current methodologies should be synchronized between groups.
[bookmark: _Toc21003158][bookmark: _Toc21003341][bookmark: _Toc21003406][bookmark: _Toc21098651][bookmark: _Toc21098801][bookmark: _Toc21098824][bookmark: _Toc21099350]Proposal 1: RAN4 to send an LS to RAN5 to inform about the start and workplan for this SI and synchronize on the responsibilities for each group beforehand.
[bookmark: _Toc21098652][bookmark: _Toc21098802]In past RAN4 and RAN5 meetings it was also discussed , whether it is acceptable to test the defined minimum requirements with some form of relaxation. In a reply LS to RAN5 [3] [5] it was clarified that the preferred solution is to test the requirements without any relaxation. As part of the same discussion, GCF stated in a LS to RAN5  [6][4] that in order for TCs to be applied by GCF they need to be compliant with regulatory requirements, meaning also that no relaxation should be applied in these scenarios.
[bookmark: _Toc21098653][bookmark: _Toc21098803]Taking these discussions into account, new methodologies should to be investigated under the premises whether it is possible to completely remove the restrictions identified by RAN5 identified restrictions, as only small improvements may not change the overall situation with regards to certification bodies.
[bookmark: _Toc21098654][bookmark: _Toc21098804]Therefore it should be part of the discussion whether new methods that only provide marginal improvements over the existing ones should be considered. It needs to be further discussed how much of an improvement a new methodology needs to provide to be considered as a permitted methodology. Given the high work load and limited time frame of the SI it should be avoided to spend time on new methodologies that may only provide marginal improvements.
[bookmark: _Toc21098655][bookmark: _Toc21098805][bookmark: _Toc21098825][bookmark: _Toc21099351]Observation 2: New methodologies need to provide meaningful improvements over existing ones to be considered as permitted methods.
Regarding the study of alternate methodologies, there is a risk that enabling them to overcome specific issues will limit the applicability of such methods to concrete test cases, what prevents the usage of one test system to cover a majority of test cases, with the corresponding implications on test time.
In this regard, the common principles and practical constraints in TR 38.903 [7] [38.903] for the determination of Test System Uncertainties also applies to the test system definition:
[bookmark: _Toc12463176]5	Determination of Test System Uncertainties
[bookmark: _Toc12463177]5.1	General
The uncertainty of a test system when making measurements reduces the ability of the test system to distinguish between conformant and non-conformant test subjects. The aim is therefore to minimise uncertainty, subject to a number of practical constraints:
a)	A vendor’s test system should be reproducible in the required quantities.
b)	A choice of test systems should be available from different vendors.
c)	The uncertainties should allow reasonable freedom of test system implementation
d)	The test system can be run automatically
e)	The test system may include several radio access technologies
f)	It should be possible to maintain calibration of deployed test systems over reasonable spans of time and environmental conditions
In practice therefore within 3GPP the acceptable uncertainty of the test system is the smallest value that can be agreed between the test system vendors represented, consistent with the above constraints. The uncertainty will not therefore be as low as could be achieved, for example, by a national standards laboratory.


[bookmark: _Toc21003159][bookmark: _Toc21003342][bookmark: _Toc21003407][bookmark: _Toc21098656][bookmark: _Toc21098806][bookmark: _Toc21098826][bookmark: _Toc21099352]Observation 3: enabling alternate methodologies to overcome specific issues will limit the applicability of such methods to concrete test cases, what prevents the usage of one test system to cover a majority of test cases.
[bookmark: _Toc21098657]NFTF is already a permitted methodology in TR 38.810 [6] and is covered by TR 38.903 [7]. However there was no progress so far in RAN5 to assess the feasibility and prove that it is capable of achieving better results than the other methods. Limitations like DUT size, DUT antenna configuration and Rx test case applicability exist.
[bookmark: _Toc21098658][bookmark: _Toc21098807][bookmark: _Toc21098827][bookmark: _Toc21099353]Observation 4: NFTF is already a permitted method, but there has been no progress to assess the feasibility.
[bookmark: _Toc21098659]5	Determination of Test System Uncertainties
5.1	General
The uncertainty of a test system when making measurements reduces the ability of the test system to distinguish between conformant and non-conformant test subjects. The aim is therefore to minimise uncertainty, subject to a number of practical constraints:
a)	A vendor’s test system should be reproducible in the required quantities.
b)	A choice of test systems should be available from different vendors.
c)	The uncertainties should allow reasonable freedom of test system implementation
d)	The test system can be run automatically
e)	The test system may include several radio access technologies
f)	It should be possible to maintain calibration of deployed test systems over reasonable spans of time and environmental conditions
In practice therefore within 3GPP the acceptable uncertainty of the test system is the smallest value that can be agreed between the test system vendors represented, consistent with the above constraints. The uncertainty will not therefore be as low as could be achieved, for example, by a national standards laboratory.
[bookmark: _Toc12463187]B.1	Uncertainty budget calculation principle
Three permitted test methodologies, DFF, IFF and NFTF, have been identified for UE RF FR2 test cases defined in TS 38.521-2.
This Annex is deriving Total expanded Measurement Uncertainties per test case for each test methodology.
Threshold MU is equivalent to Total expanded uncertainty of the reference methodology which has been defined as IFF.
If the Total expanded Measurement Uncertainty per test case of a permitted test method is lower than or equal to the threshold MU, then that test method is applicable to the respective test cases defined in TS 38.521-2.


[image: ]
[bookmark: _Toc21098660][bookmark: _Toc21098808][bookmark: _Toc21098828][bookmark: _Toc21099354]Observation 5: Methods need to meet the threshold MU of the reference method (IFF) according to TR 38.903.
With regards to the DUT positioning improvement, and focusing on the “black-box” approach deemed the baseline for RF conformance testing, there has been many proposals to open again the discussion and allow for intermediate solutions (e.g. grey box, white box…) that will help in the process of enabling alternate methods like NFTF or DNF that become valid only under certain conditions.
The so call “white box” approach is in fact the common approach for BS conformance testing, where the testing direction and BS alignment are declared in advance.
[bookmark: _Toc21098661][bookmark: _Toc21098809][bookmark: _Toc21098829][bookmark: _Toc21099355]Observation 6: “white box” approach will enable the usage of alternate methods like NFTF and DNF under certain conditions.

Polarization basis mismatch between the TE and DUT
Three main core requirement have been identified as prevented from a proper measurement for some UE implementations due to the polarization basis mismatch between the TE and DUT:
· Transmit signal quality (i.e. EVM) when UL transmission diversity is used.
· EIRP (peak and spherical coverage)
· EIS (peak and spherical coverage)
This issues come in the first place from the misconnection between the common agreements when defining the FR2 OTA test methodologies, based on state-of-the-art technology, and the baseline assumptions for the core requirements definition.
It is therefore key to clarify what are the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)) as opposed to the current baseline assumptions for the test methodology in TR 38.810 [6] [38.810], detailed in [1][SID]:
The testing methodology for FR2 UE RF requirement verification is defined in TR38.810 and features a measurement antenna capable of 
-	transmitting and receiving on two orthogonal polarizations
- 	introducing linearly polarized downlink signals at the centre of the quiet zone one polarization at a time 
-	measuring the total uplink signal power by combining the power measured by two orthogonally polarized antennas sequentially or 
-	demodulating the signal received by a single polarization. 

[bookmark: _Toc21003343][bookmark: _Toc21003408][bookmark: _Toc21098662][bookmark: _Toc21098810][bookmark: _Toc21098830][bookmark: _Toc21099356]Proposal 2: clarify the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)).
Inter-band (FR2+FR2) CA
As for the previous topic, the assumptions made to derive the core requirements are key to define the right methodology, but in this case we are still in time to ensure both core requirements and test methodology definition are in sync from the beginning.
In case the UE can beamform in the same direction for both carriers, the required enhancement joints the same issues as for objectives 1 and 2, i.e. limited ation on the test system dynamic range and how to handle the DL/UL polarizations.

On the other hand, in case the assumption is that the UE can only beamform in separate directions for each of the carriers, it has a major impact on the current test methodologies defined for RF conformance testing. This case will imply a test environment very much like the RRM baseline measurement setup, currently based on DFF, where the maximum number of angles of arrival AoAs is 2, with the corresponding applicability limitations detailed in clause 5.3 in TR 38.810 [6] [TR 38.810]::
· DUT Antenna Configuration 1: Maximum one antenna panel with D ≤ 5 cm active at any one time.
· DUT Antenna Configuration 2: More than one antenna panel D ≤ 5 cm without phase coherence between panels active at any one time.
[bookmark: _Toc21003344][bookmark: _Toc21003409]
[bookmark: _Toc21098663][bookmark: _Toc21098811][bookmark: _Toc21098831][bookmark: _Toc21099357]Observation 78: in case inter-band CA (FR2+FR2) RF conformance requires separate AoAs, it has a major impact on the required methodology.
[bookmark: _Toc21003345][bookmark: _Toc21003410][bookmark: _Toc21098664][bookmark: _Toc21098812][bookmark: _Toc21098832][bookmark: _Toc21099358]Proposal 3: clarify the assumptions on inter-band CA (FR2+FR2) RF core requirements.
[bookmark: _Toc21003346][bookmark: _Toc21003411][bookmark: _Toc21098665][bookmark: _Toc21098813][bookmark: _Toc21098833][bookmark: _Toc21099359]Proposal 4: in case separate AoAs are required for inter-band CA (FR2+FR2) RF core requirements, clarify the set of minimum/maximum angle separation to be tested.
If separate AoAs are required, and in order to keep the number of defined OTA baseline systems limited, it is strongly recommended to consider for RF CA FR2+FR2 testing the current architecture and capabilities of the RRM baseline system for 2AoA, especially in terms of AoA offsets. 
Although this should not preclude further enhancements, any change should be allowed under the condition that both, RF CA FR2+FR2 and RRM will benefit, so that the RRM baseline system for 2AoAs is not made unnecessarily even more complex.
Conclusion
According to the background provided, the following observations and proposals are made:
Observation 1: RAN5 is still working on the analysis of current methodologies and already have in plan further improvement of the MTSU.
Proposal 1: RAN4 to send an LS to RAN5 to inform about the start and workplan for this SI and synchronize on the responsibilities for each group beforehand.
Observation 2: New methodologies need to provide meaningful improvements over existing ones to be considered as permitted methods.
Observation 3: Enabling alternate methodologies to overcome specific issues will limit the applicability of such methods to concrete test cases, what prevents the usage of one test system to cover a majority of test cases.
Proposal 2: Clarify the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)).
Observation 4: In case inter-band CA (FR2+FR2) RF conformance requires separate AoA, it has a major impact on the required methodology.
Observation 5: Methods need to meet the threshold MU of the reference method (IFF) according to 38.903.
Observation 6: “white box” approach will enable the usage of alternate methods like NFTF and DNF under certain conditions.
Observation 7: in case inter-band CA (FR2+FR2) RF conformance requires separate AoA, it has a major impact on the required methodology.
Proposal 3: Clarify the assumptions on inter-band CA (FR2+FR2) RF core requirements
Proposal 4: In case separate AoA are required for inter-band CA (FR2+FR2) RF core requirements, clarify the set of minimum/maximum angle separation to be tested.
Observation 1: RAN5 is still working on the analysis of current methodologies and already have in plan further improvement of the MTSU.
Proposal 1: RAN4 to send an LS to RAN5 to inform about the start and workplan for this SI and synchronize on the responsibilities for each group beforehand.
Observation 2: New methodologies need to provide meaningful improvements over existing ones to be considered as permitted methods.
Observation 3: enabling alternate methodologies to overcome specific issues will limit the applicability of such methods to concrete test cases, what prevents the usage of one test system to cover a majority of test cases.
Observation 4: NFTF is already a permitted method, but there has been no progress to assess the feasibility.
Observation 5: Methods need to meet the threshold MU of the reference method (IFF) according to TR 38.903.
Observation 6: “white box” approach will enable the usage of alternate methods like NFTF and DNF under certain conditions.
Proposal 2: clarify the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)).
Observation 8: in case inter-band CA (FR2+FR2) RF conformance requires separate AoAs, it has a major impact on the required methodology.
Proposal 3: clarify the assumptions on inter-band CA (FR2+FR2) RF core requirements.
Proposal 4: in case separate AoAs are required for inter-band CA (FR2+FR2) RF core requirements, clarify the set of minimum/maximum angle separation to be tested.
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