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1 Introduction

It was agreed for NR UE performance the requirements will be kept in one specification as 38.101-4. In the mainwhile it was also noticed in the existing LTE specification 36.101 there are rooms to be improved to keep a more consistent, easily maintained and readable specifications. In this contribution, we propose some drafting rules on hierarchical structure to be considered when introducing new tests with test indexes and titles.
2 Test scope

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 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


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 Drafting rules on performance part

From the experience of LTE 36.101 it’s important to follow certain drafting rules to ensure the specification is maintained without too much extra efforts. One general rule to be considered is to keep the major subclauses in a minimum number as the increasing number would bring extra effort in RAN5 to maintain, e.g. 1Rx and 4Rx performances were created in separated subclauses on the level of physical channel index which brings confusions and extra effort in RAN5.
Such considerations of test indexing can be summarized as followings.
· The same terminologies should be aligned between performance part and RF part.
· The levels of hierarchical of indexes of subclauses should be kept in a consistent and organized way

· The number of test indexes should be kept as less as possible
· Different physical channels are in different clauses in same level
· TM should be separated in different clauses in same level
· Number of Rx ant port could be organized in one level of subclauses

· CA/DC under same frequency range could be included in the same tests as single carrier tests

· WI code or specific info should be reflected in the tests e.g. in the title

· SDR in separated clauses for frequency range 1, range 2 and interworking parts, even for same UE category
Based on such considerations above the following Figure 1 gives an example on how the hierarchical of indexes of subclauses would be organized. More details are proposed in [2].
Proposal 4: The high-level structure of performance part should be aligned with RF part.
Proposal 5: Take the example of proposed hierarchical of indexes of subclauses as general RAN4 internal drafting rule for 38.101-2 for performance parts.
· 1st Clause level for frequency range

· 2nd Clause level for physical channels

· 3rd Clause level for TM index

· 4th Clause level for Number of Rx antenna ports

Figure 1 Examples of hierarchical indexes of subclauses
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Proposal 6: Capture the WI code into the tests e.g. title for better tracking purposes.
Proposal 7: Further extend and capture the RAN4 internal drafting rules into formal documents, similar as [3].
· The same terminologies and definitions should be aligned between performance part and RF part.

· The levels of hierarchical of indexes of subclauses should be kept in a consistent and organized way

· The number of test indexes should be kept as less as possible

· Different physical channels are in different clauses in same level

· TM should be separated in different clauses in same level

· Number of Rx ant port could be organized in one level of subclauses

· CA/DC under same frequency range could be included in the same tests as single carrier tests

· WI code or specific info should be reflected in the tests e.g. in the title

· SDR in separated clauses for frequency range 1, range 2 and interworking parts, even for same UE category
A draft skeleton of 38.101-4 is shown in []
5 Conclusions

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

Proposal 1: 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.
Proposal 3: The high-level structure of performance part should be aligned with RF part.

Proposal 4: Take the example of proposed hierarchical of indexes of subclauses as general RAN4 internal drafting rule for 38.101-2 for performance parts.

· 1st Clause level for frequency range

· 2nd Clause level for physical channels

· 3rd Clause level for TM index

· 4th Clause level for Number of Rx antenna ports

Proposal 5: Capture the WI code into the tests e.g. title for better tracking purposes.
Proposal 6: Further extend and capture the RAN4 internal drafting rules into formal documents, similar as [4].
· The same terminologies and definitions should be aligned between performance part and RF part.

· The levels of hierarchical of indexes of subclauses should be kept in a consistent and organized way

· The number of test indexes should be kept as less as possible

· Different physical channels are in different clauses in same level

· TM should be separated in different clauses in same level

· Number of Rx ant port could be organized in one level of subclauses

· CA/DC under same frequency range could be included in the same tests as single carrier tests

· WI code or specific info should be reflected in the tests e.g. in the title

· SDR in separated clauses for frequency range 1, range 2 and interworking parts, even for same UE category
· 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
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