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1 Introduction

The NR WI is approved in [1] and with a SI for test method also approved in [2] from plenary. According to the NR timeline the schedule for the first release would be very aggressive so it is important to have a general overview of the test method and test scope before the actual performance part starts. In [3][4] a general scope together with priority of the NR UE performance tests was proposed. In this contribution, we further discuss how to address the UE performance tests according to the agreesive timeline. 
2 Test scope for NR UE performance

The test scope for NR UE performance should focus on the purpose of which features are to be verified by the tests instead of the test method. It’s important to ensure a good test coverage and test quality for the first release of NR. A summary of the test scope for NR UE performance is listed in Table 1.

Observation 1: The test scope for NR UE performance should focus on the purpose of which features are to be verified by the tests instead of the test method

Observation 2: It’s important to ensure a good test coverage and test quality for the first release of NR.

Proposal 1: The test scope for NR UE performance tests is listed in Table 1.

Table 1 Test scope for NR UE performance

	Category
	Test matrix
	Test purpose
	Receiver type

	
	NR range 1 (<6GHz)
	NR range 2 (>6GHz)
	Interwork
	
	

	LTE baseline performance tests
	Basic FRC performance tests
	Comapre NR under equivalent test scenario with performance from LTE e.g. 20MHz TM10 as a reference with FRC
	Comapre NR under equivalent test scenario with performance from LTE e.g. 20MHz TM10 as a reference with FRC
	NSA with DC, SA with DC/CA with at least 2CCs with 20MHz on each CC to compare with LTE CA/DC
	The goal is to have LTE as baseline performance to compare with so under equivalent test scenario NR should have similar performance as LTE. Different modulation orders should be covered.
	MMSE-IRC

	
	Complementary VRC performance tests
	Same test scenarios except FRC but using VRC
	Same test scenarios except FRC but using VRC
	Same test scenarios except FRC but using VRC
	Same as FRC but with link adaptation on. No OLLA is enabled.
	MMSE-IRC

	Basic UE demdulation tests
	PDSCH
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP
	NSA with DC, SA with DC/CA with FRC tests with SNR/SINR values to check TP
	The goal is to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, new MIMO schemes, number of Rx ant ports, etc. So, certain test coverage is needed
	MMSE-IRC

	
	PBCH and control channels
	FRC tests with SNR/SINR values to check BLER
	FRC tests with SNR/SINR values to check BLER
	NA
	The goal is to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, number of Rx ant ports etc. For PBCH and control channel demodulation compared to LTE NR should ensure DMRS based estimation.
	MMSE-IRC

	Basic UE CSI tests
	CQI
	Reported medium CQI in certain range under fixed SNR
	Reported medium CQI in certain range under fixed SNR
	Each CC reports correct CQI separately
	The reported CQI is accurate and stable enough to follow the channel condition for both wideband and subband CQI reporting
	MMSE-IRC

	
	PMI
	Follow PMI is providing enough gain than random PMI
	Follow PMI is providing enough gain than random PMI
	NA
	The PMI is correctly estimated as the reported PMI
	MMSE-IRC

	
	RI
	Follow rank is providing enough gain than fixed rank
	Follow rank is providing enough gain than fixed rank
	NA
	The RI is correctly estimated as the reported RI
	MMSE-IRC

	New UE demodulation tests
	PDCCH tests
	FRC tests with SNR/SINR values to check BLER
	FRC tests with SNR/SINR values to check BLER
	NA
	New beamforming for PDCCH with closed loop
	MMSE-IRC

	
	PDSCH tests with time and frequency tracking 
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP
	NSA with DC, SA with DC/CA with FRC tests with SNR/SINR values to check TP
	Throughput performance with time/frequency estimation by CSI-RS or DMRS based on RAN1 decision
	MMSE-IRC

	
	PDSCH tests with beam tracking estimated by CSI-RS
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP, different beams for mmWave
	NSA with DC, SA with DC/CA with FRC tests with SNR/SINR values to check TP
	Throughput performance
	MMSE-IRC

	
	MU-MIMO tests
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP
	NA
	MU-MIMO with new channel, interference, and user model to ensure it reflects the new NR MU-MIMO scenarios
	R-ML

	New UE CSI tests
	CQI
	New test matrix may be needed due to the dynamic CSI-RS changing in different REs and selection of measurement or REs from UE side to ensure certain performance
	New test matrix may be needed due to the dynamic CSI-RS changing in different REs and selection of measurement or REs from UE side to ensure certain performance
	NA
	New matrix is needed and TBD
	MMSE-IRC

	
	Dynamic beam switching
	New test matrix to ensure certain throughput performance when it’s under condition for the UE to dynamically switch the beam
	New test matrix to ensure certain throughput performance when it’s under condition for the UE to dynamically switch the beam. Different number of beams are needed for mmWave
	NA
	New matrix is needed and TBD
	MMSE-IRC

	New UE funcational tests
	UL-MIMO beam forming
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure right precoder is used from UE side
	NA

	
	PRACH
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure right beam is used to transmit PRACH from UE side
	NA

	
	SRS
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure right beam is used to transmit SRS from UE side
	NA

	
	
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure UE transmits on beams as instructed by SRI. SRS resource indication (SRI) can be used to tell the UE to use a beam it has previously transmitted on. 
	NA


3 Applicability for performance tests 

As proposed in [2] separated UE capability should be defined for <6GHz and mmWave so in case the UE supports <6GHz the same tests for same feature could be skipped for mmWave. But for features e.g. new channel bandwidth or new subcarrier spacing only used for mmWave such tests can’t be skipped.
Proposal 2: Define separate UE capability for below 6GHz and mmWave.
Proposal 3: For UE supporting <6GHz the same tests for same feature could be skipped for mmWave. But for features e.g. new channel bandwidth or new subcarrier spacing only used for mmWave such tests can’t be skipped.

4 Test method for NR UE performance tests
It was also analysed in [1] when it comes to test method for NR UE performance tests the biggest problem of using OTA for mmWave for UE performance tests is the reliability. Unlike the RF requirement, the UE performance tests are focusing on verification of proper UE implementation for channel estimation by DMRS and noise estimation by CSI-RS under fading condition and the MIMO diversity together with the fading channel play a big role in the overall test but with OTA the channel condition and MIMO setup vary too much in the chamber that can’t really create reliable test environment to produce repeatable results. 
Observation 3: For mmWave the UE performance tests are focusing on verification of proper UE implementation for channel estimation by DMRS and noise estimation by CSI-RS under fading condition and the MIMO diversity together with the fading channel play a big role in the overall test but with OTA the channel condition and MIMO setup vary too much in the chamber that can’t really create reliable test environment to produce repeatable results.
With such difficulty seen by using OTA for UE performance tests in RAN4 we must look for other solution for these tests than OTA. 
Observation 4: For mmWave RAN4 must look for other solution for UE performance tests than OTA in order to perform reliable tests to fulfil the test purposes.
It was proposed in [3] as a general understanding one alternative of OTA for mmWave is to use an IF stage with test interface. Such method may not be needed for the RF tests but for UE performance tests which require fading condition and MIMO diversity with reliable conducted test method it’s more appropriate. It may be other way e.g. to define separated baseband test interface for UE performance tests but with such interfaces even considered as extra complexity it may still be less expensive than OTA tests so it’s more beneficial than OTA for long term testing perspective.
Observation 5: With new test interface defined for UE performance tests for mmWave even with extra complexity it may still be less expensive than OTA tests in long term.

Proposal 4: Use conducted test method for below 6GHz and define new test interface (e.g. IF stage or separated baseband interface) with similar conductive test method for mmWave as a more stable and long term solution for NR UE performance testing.

5 Conclusion

This contribution provides the test scope for NR UE performance part with proposals as following.
Observation 1: The test scope for NR UE performance should focus on the purpose of which features are to be verified by the tests instead of the test method

Observation 2: It’s important to ensure a good test coverage and test quality for the first release of NR.

Observation 3: For mmWave the UE performance tests are focusing on verification of proper UE implementation for channel estimation by DMRS and noise estimation by CSI-RS under fading condition and the MIMO diversity together with the fading channel play a big role in the overall test but with OTA the channel condition and MIMO setup vary too much in the chamber that can’t really create reliable test environment to produce repeatable results.

Observation 4: For mmWave RAN4 must look for other solution for UE performance tests than OTA in order to perform reliable tests to fulfil the test purposes.

Observation 5: With new test interface defined for UE performance tests for mmWave even with extra complexity it may still be less expensive than OTA tests in long term.

Proposal 1: The test scope for NR UE performance tests is listed in Table 1.

Table 1 Test scope for NR UE performance

	Category
	Test matrix
	Test purpose
	Receiver type

	
	NR range 1 (<6GHz)
	NR range 2 (>6GHz)
	Interwork
	
	

	LTE baseline performance tests
	Basic FRC performance tests
	Comapre NR under equivalent test scenario with performance from LTE e.g. 20MHz TM10 as a reference with FRC
	Comapre NR under equivalent test scenario with performance from LTE e.g. 20MHz TM10 as a reference with FRC
	NSA with DC, SA with DC/CA with at least 2CCs with 20MHz on each CC to compare with LTE CA/DC
	The goal is to have LTE as baseline performance to compare with so under equivalent test scenario NR should have similar performance as LTE. Different modulation orders should be covered.
	MMSE-IRC

	
	Complementary VRC performance tests
	Same test scenarios except FRC but using VRC
	Same test scenarios except FRC but using VRC
	Same test scenarios except FRC but using VRC
	Same as FRC but with link adaptation on. No OLLA is enabled.
	MMSE-IRC

	Basic UE demdulation tests
	PDSCH
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP
	NSA with DC, SA with DC/CA with FRC tests with SNR/SINR values to check TP
	The goal is to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, new MIMO schemes, number of Rx ant ports, etc. So, certain test coverage is needed
	MMSE-IRC

	
	PBCH and control channels
	FRC tests with SNR/SINR values to check BLER
	FRC tests with SNR/SINR values to check BLER
	NA
	The goal is to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, number of Rx ant ports etc. For PBCH and control channel demodulation compared to LTE NR should ensure DMRS based estimation.
	MMSE-IRC

	Basic UE CSI tests
	CQI
	Reported medium CQI in certain range under fixed SNR
	Reported medium CQI in certain range under fixed SNR
	Each CC reports correct CQI separately
	The reported CQI is accurate and stable enough to follow the channel condition for both wideband and subband CQI reporting
	MMSE-IRC

	
	PMI
	Follow PMI is providing enough gain than random PMI
	Follow PMI is providing enough gain than random PMI
	NA
	The PMI is correctly estimated as the reported PMI
	MMSE-IRC

	
	RI
	Follow rank is providing enough gain than fixed rank
	Follow rank is providing enough gain than fixed rank
	NA
	The RI is correctly estimated as the reported RI
	MMSE-IRC

	New UE demodulation tests
	PDCCH tests
	FRC tests with SNR/SINR values to check BLER
	FRC tests with SNR/SINR values to check BLER
	NA
	New beamforming for PDCCH with closed loop
	MMSE-IRC

	
	PDSCH tests with time and frequency tracking 
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP
	NSA with DC, SA with DC/CA with FRC tests with SNR/SINR values to check TP
	Throughput performance with time/frequency estimation by CSI-RS or DMRS based on RAN1 decision
	MMSE-IRC

	
	PDSCH tests with beam tracking estimated by CSI-RS
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP, different beams for mmWave
	NSA with DC, SA with DC/CA with FRC tests with SNR/SINR values to check TP
	Throughput performance
	MMSE-IRC

	
	MU-MIMO tests
	FRC tests with SNR/SINR values to check TP
	FRC tests with SNR/SINR values to check TP
	NA
	MU-MIMO with new channel, interference, and user model to ensure it reflects the new NR MU-MIMO scenarios
	R-ML

	New UE CSI tests
	CQI
	New test matrix may be needed due to the dynamic CSI-RS changing in different REs and selection of measurement or REs from UE side to ensure certain performance
	New test matrix may be needed due to the dynamic CSI-RS changing in different REs and selection of measurement or REs from UE side to ensure certain performance
	NA
	New matrix is needed and TBD
	MMSE-IRC

	
	Dynamic beam switching
	New test matrix to ensure certain throughput performance when it’s under condition for the UE to dynamically switch the beam
	New test matrix to ensure certain throughput performance when it’s under condition for the UE to dynamically switch the beam. Different number of beams are needed for mmWave
	NA
	New matrix is needed and TBD
	MMSE-IRC

	New UE funcational tests
	UL-MIMO beam forming
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure right precoder is used from UE side
	NA

	
	PRACH
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure right beam is used to transmit PRACH from UE side
	NA

	
	SRS
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure right beam is used to transmit SRS from UE side
	NA

	
	
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix is needed to ensure UE transmits on beams as instructed by SRI. SRS resource indication (SRI) can be used to tell the UE to use a beam it has previously transmitted on. 
	NA


Proposal 2: Define separate UE capability for below 6GHz and mmWave.

Proposal 3: For UE supporting <6GHz the same tests for same feature could be skipped for mmWave. But for features e.g. new channel bandwidth or new subcarrier spacing only used for mmWave such tests can’t be skipped.
Proposal 4: Use conducted test method for below 6GHz and define new test interface (e.g. IF stage or separated baseband interface) with similar conductive test method for mmWave as a more stable and long term solution for NR UE performance testing.
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