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1 Introduction

The testability for UE NR performance requirements for FR2 are under discussions. In last adhoc meeting in San Diego it was agreed to base on “pure” baseband test method to ensure a stable test environment in [1]. In this contribution we provide our views on the necessary test scope for both NR FR1 and FR2 and, we should start to think about the timeline of deciding the test method to ensure the test verification for FR2 requirements.
2 Test scope

When considering the test method, it’s important to ensure a good test coverage and test quality of the first release of NR. Test coverage means the essential features e.g. certain mandatory features of NR should be testable for both FR1 and FR2 by the chosen test method. Test quality means good performance alignment e.g. 2dB SPAN should be achieved comparable to LTE. 
Proposal 1: Under Testability SI the outcome of the test method should ensure good test coverage and test quality of the first release of NR. 

· Test coverage means the essential features e.g. all mandatory fNR eatures should be testable for both FR1 and FR2 by the chosen test method. 

· Test quality means good performance alignment e.g. 2dB SPAN should be achieved comparable to LTE.
Proposal 2: The test scope for NR UE performance tests is listed in Table 1 with the 3 categories of requirements as listed below.

· Basic performance tests for essential NR baseband functionality
· Bandwidth, Subcarrier spacing, DMRS demodulation, CSI-RS for CSI reporting, etc.
· Additonal performance tests for certain NR features
· QCL, new channel coding, dynamic beam switching, time/freq tracking, etc.
· Functional tests for certain NR feature
· Right beam is tracked/used, SRS coherency, etc.
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

	
	
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix for tracking the antennas is needed to ensure proper antenna switching is verified
	NA

	
	
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix for tracking the power and phase is needed to ensure proper coherency from UE side
	NA


When it comes to the detailed test configurations of the above test scope it’s reasonable to take some baseline to start with as done for UE RF REFSENS simulation. And with the consideration of having 4Rx as mandatory features to be supported on some NR FR1 band it’s preferable to define both 2Rx and 4Rx performance tests at the same time.
Proposal 3: Start with the following sets of tests for UE performance with both 2Rx and 4Rx. The other sets and CA/DC could wait until single carrier requirements are defined.
· FR1, 10MHz with 15kHz SCS

· FR1, 50MHz with 30kHz SCS

· FR2, 50MHz with 60kHz SCS

3 Timeline for FR1 and FR2 performance part

Considering the critical timeline for NR the performance part will start from Q2 2018 and it’s supposed to finish by Q4 2018. In total there will be 6 meetings including adhoc. If we consider some possible extension it will be another 6 months with 4 more meetings so there will be 10 meetings maximum to finalize Rel-15 NR performance part as the most optimistic condition. By taking these 10 meetings if the testability SI could conclude a stable test method for performance tests we propose to conclude the UE demodulation tests for FR1 and FR2 in Q4 and leave the CSI/functional tests to be completed in 2019.
Proposal 4: By taking optimistic 10 meetings planned for performance we propose to conclude the UE demodulation tests for FR1 and FR2 in Q4 and leave the CSI/functional tests to be completed in 2019.
4 Conclusions

In this contribution, we provide proposals on RAN4 internal drafting rules for 38.101 as the following.

Proposal 1: Under Testability SI the outcome of the test method should ensure good test coverage and test quality of the first release of NR. 

· Test coverage means the essential features e.g. all mandatory fNR eatures should be testable for both FR1 and FR2 by the chosen test method. 

· Test quality means good performance alignment e.g. 2dB SPAN should be achieved comparable to LTE.
Proposal 2: The test scope for NR UE performance tests is listed in Table 1 with the 3 categories of requirements as listed below.

· Basic performance tests for essential NR baseband functionality

· Bandwidth, Subcarrier spacing, DMRS demodulation, CSI-RS for CSI reporting, etc.
· Additonal performance tests for certain NR features
· QCL, new channel coding, dynamic beam switching, time/freq tracking, etc.
· Functional tests for certain NR feature
· Right beam is tracked/used, SRS coherency, etc.
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

	
	
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix for tracking the antennas is needed to ensure proper antenna switching is verified
	NA

	
	
	New matrix is needed and TBD
	New matrix is needed and TBD
	NA
	New matrix for tracking the power and phase is needed to ensure proper coherency from UE side
	NA


When it comes to the detailed test configurations of the above test scope it’s reasonable to take some baseline to start with as done for UE RF REFSENS simulation. And with the consideration of having 4Rx as mandatory features to be supported on some NR FR1 band it’s preferable to define both 2Rx and 4Rx performance tests at the same time.

Proposal 3: Start with the following sets of tests for UE performance with both 2Rx and 4Rx. The other sets and CA/DC could wait until single carrier requirements are defined.

· FR1, 10MHz with 15kHz SCS

· FR1, 50MHz with 30kHz SCS

· FR2, 50MHz with 60kHz SCS

Proposal 4: By taking optimistic 10 meetings planned for performance we propose to conclude the UE demodulation tests for FR1 and FR2 in Q4 and leave the CSI/functional tests to be completed in 2019.
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