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2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



2.2	Parent Work Item 
	Parent Work Items 

	Unique ID
	Title

	830189
	NR RF requirement enhancements for frequency range 2 (FR2)



2.3	Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	750044
	Study on test methods for New Radio
	Preceding SI

	710062
	Study on New Radio (NR) Access Technology
	Preceding SI

	750167
	Work Item on New Radio (NR) Access Technology
	Preceding WI

	860041
	Extending current NR operation to 71 GHz
	Preceding WI



3	Justification
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.  
In the context of measurements over spatially distributed test points, the measurement angle between the DUT and the test equipment is iterated over the specified test points in the test chamber. For many test points, the polarization basis between the UE and the test equipment cannot be aligned under the “black box” testing approach, and this results in a polarization basis mismatch between the test equipment and UE which varies unpredictably across the test points.

Some UE implementations may support polarization-specific beam correspondence, where the selection of the transmit beam polarizations is dependent on the power received on each UE polarization.  Because polarization gain has been assumed in the derivation of the maximum output power (MOP) EIRP (peak and spherical coverage) requirements, the measurement procedures for those test cases should reflect the polarization gain at all test points.  The polarization basis mismatch between the test equipment and UE may lead such UEs to disable a Tx chain associated with one DL polarization and may result in an EIRP measurement which fails to include the polarization gain at some test points.

Some UE implementations may support uplink transmission diversity schemes which, although transparent to the specification, impact the demodulation performance when the UL signal is demodulated on just a single polarization.  Even when the UE transmits an uplink signal with a flat power spectral density in both polarizations, the test equipment can misconstrue the signal collected in any one polarization as having significant amplitude variation due to the polarization basis mismatch between the test equipment and UE.

The FR2 UE RF specification in TS38.101-2 furthermore defines the thermal condition applicability for all requirements, unless otherwise stated, to be extreme temperature conditions (where the full temperature range is -10 ºC to +55 ºC).  A limitation in the Rel-15 FR2 UE RF test methodology, however, restricts this applicability due to test methodology limitations.

Following a review by RAN5 of test cases which require high DL signal power and low UL signal power, it can be observed that some test cases require up to 34 dB and 30.4 dB relaxation for DL and UL, respectively.  The table below itemizes these relaxations.

	Test Case
	Test Specification
	Testability Issue
	RAN5 Decision
	Related documents

	Maximum input level
	38.521-2
38.521-3(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. 




Since some of these requirements verify UE compliance with regulatory requirements, the relaxations identified for Rel-15 need to be reduced.

With the effort to define inter-band CA (FR2+FR2) requirements in the work item on NR RF Requirement Enhancements for FR2 [UID 830189], a study of test methodology enhancements are needed to support the verification of these requirements.

A study to enhance the FR2 UE RF measurement methodology is needed to mitigate the polarization basis mismatch, extreme thermal condition applicability, and high DL / low UL signal power limitations.

In RAN #87, a new Release 17 WI on the extension of the NR operation for the 52.6 – 71GHz frequency range was approved [UID 860041]. The work on this item requires definition of UE RF, RRM and demodulation requirements. Considering the impact test methods definition has on core requirements and conformance testing, additional studies are required to enable a test method extension to new frequency bands above 52.6GHz.
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
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.xyz884.

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
-	The list of candidate non-permitted test systems is limited to NF based solutions
-	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
-	TPMI side condition method, where TPMI side conditions are applicable to Rel-16 (and higher) UEs
-	Test mode to trigger TX diversity
-	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 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
6.	Study testability aspects for the introduction of the new band n262
-	Considering the extension of frequency applicability of the permitted methods in TR38.810 from 43.5 GHz up to at least 48.2 GHz
-	Considering the extension of frequency applicability of the test methodology enhancements in Objectives 1 through 6 5 above
7.	Study and define the over the air (OTA) test methods for UE RF, RRM, and demodulation requirements for the 52.6-71 GHz frequency range:
-	Extend the applicability of the FR2 OTA UE RF/RRM/demodulation test methods defined in TR 38.810, TR 38.884, and TS 38.508-1 whenever possible
-	Identify any changes needed, including general testing and calibration, permitted test methods, multi-path fading propagation conditions, measurement applicability criteria
-	Establish applicable frequency range for system
-	Determine whether the test system need to test different frequency ranges in the same system (e.g. 24 GHz to 71 GHz)
-	Target device types
-	First priority: Handheld UE, laptop, tablet
-	Focus on devices prioritized in the NR > 52.6 GHz WI
-	Utilize free space testing configuration for test methods definition
-	Study the preliminary measurement uncertainty
	NOTE: unfinished UE testability aspects, if any, do not impact setting UE core requirements and completing the NR > 52.6 GHz WI

4.2	Objective of Performance part WI




4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
additional comments to the time budget request in the attached Excel table:
To ensure timely progress within reduced TUs allocated until RAN #89 (September 2020), objectives 1, 2, and 3 are prioritized until RAN #89.  In relation to Objective 7, the studies can start during RAN4 #99 (Aug 2021), and work plan discussion can take place during RAN4 #98bis (May 2021).


5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	Internal TR
	38.884
	Study on enhanced test methods for FR2 UEs
	TSG #9194
	TSG #9295
	Rapporteur:
Ioffe, Anatoliy, Apple Inc., aioffe@apple.com
[bookmark: _GoBack]Wang, Ruixin, vivo, ruixin.wang@vivo.com



6	Work item Rapporteur(s)
Ioffe, Anatoliy, Apple Inc., aioffe@apple.com
Wang, Ruixin, vivo, ruixin.wang@vivo.com
Vera Lopez, Aida, Intel Corporation, aida.l.vera.lopez@intel.com
7	Work item leadership
RAN4
8	Aspects that involve other WGs

9	Supporting Individual Members
{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.} 
	Supporting IM name

	Apple Inc.

	Keysight Technologies

	Rohde & Schwarz

	CAICT

	Qualcomm

	OPPO

	vivo

	Verizon Wireless

	Nokia

	Motorola Mobility

	SoftBank

	Fraunhofer HHI

	Fraunhofer IIS

	LG Electronics

	Huawei

	HiSilicon

	AT&T

	Samsung

	Intel Corporation

	MediaTek Inc.




