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1 Introduction

 In [1] the test method and test scope for NR UE performance was discussed. In this contribution, we further address the test method and compare different options on how to fit into NR UE performance test scopes. 
2 Test method for NR UE performance tests
According to the NR timeline the schedule for the first release, the performance part will start from the beginning of 2018 and it’s planned to be completed in 6 months after that, so it is important to have a general overview of the test method and test scope before the actual performance part starts. For UE performance tests for NR the challenge is to ensure proper UE implementation using DM-RS for demodulation and using CSI-RS for CSI reporting to track the channel and the beam. In LTE when we use the conducted test method for the demodulation part we fixed the SINR value and check the throughput to be achieved on certain level and for CSI part depending if it’s CQI, PMI or RI we define tests to ensure it’s an accurate report for all. For both parts, it’s extremely important to ensure the fading channel could reflect the real network so the same/similar performance can be achieved also in a real deployment. And since we focus on the good UE implementation so the UE could be designed in the way to adapt to different fading and channel conditions, e.g. multiple paths/delays, doppler, fading dips, and correction for a good enough channel estimation and noise estimation. So here for the performance tests the key is the fading channel condition together with MIMO schemes from both BS and UE sides where it’s critical to have good model/control on the UE Rx antennas, which means we need to properly model the spatial correlation among the UE Rx antennas/beams.
Observation 1: For the performance tests, the key is the fading channel condition together with MIMO schemes from both BS and UE sides where it’s critical to have good model/control on the UE Rx antennas, which means we need to properly model the spatial correlation among the UE Rx antennas/beams.
For sub-6GHz it’s rather clear we just follow the same way as LTE to use conducted test method for NR UE performance tests. But for the NR mmWave range from previous discussions now we have 3 options on the table for the UE performance tests as following. Option 1: OTA, Option 2: Conducted method, Option 3: Postpone the mmWave UE performance tests to the next release.
Observation 2: For the NR mmWave range from previous discussions now we have 3 options on the table for the UE performance tests as following.

· Option 1: OTA

· Option 2: Conducted method (IF or TAB interface)
· Option 3: Postpone the mmWave UE performance tests to the next release.

For Option 3 the only intention of such proposal was to ensure we don’t put effort on unrealistic tests which can’t fulfill the test purpose but considering the high importance of UE performance in the network for mmWave deployment we should strive for solution to achieve the goal instead of postponing it. So, Option 3 is no longer an option.

Observation 3: Option 3 to postpone the mmWave UE performance tests to next release is no longer an option.

For Option 1 as OTA we have observed the following issues. 
Issue 1: The first issue is t’s extremely difficult and costly to model such multipath fading channels together with MIMO within a test chamber by OTA. It’s worth being noticed that the test method should be able to cover the whole NR scope e.g. MIMO layers up to 8 with multiple cells and fading on each together with multi-cell conditions where the interfering cells are correctly modelled other than white noise. The best thing proposed so far is to be applied for the RF requirement with 1Tx and 1Rx to measure the TRP, EIRP in certain level under a non-fading condition, which is far away from the need for UE performance. It’s the same level of difficulty for the RRM tests using OTA but it seems some beam blocking/steering method could help a bit but still it’s bit uncertain for the moment. Then it still wouldn’t really help the UE performance part even with fixed/blocked beam. 
Issue 2: The second problem with OTA is about the measurement accuracy. So even if we assume we can build up a perfect chamber with all the fading paths modeled in all perfect way there is still very big measurement uncertainty left. If the measurement uncertainty is about 5dB then the TE tolerance margin together with the impairment margin and the alignment margin the total uncertainty would be more than 10dB. With such we would have no chance to really guarantee any proper UE implementation either on channel estimation or noise estimation. 
Issue 3: The third issue and maybe it’s the most critical one for UE performance is about the model of UE Rx antennas or beam with proper correlation among antennas/beam. For UE performance tests, there are tests aiming for testing the proper UE implementation for a diversity gain where the Rx antenna correlation must be kept low. There are other tests where the purpose is to cancel/mitigate the other layer to get the gain than normal MMSE receiver where it’s important to maintain certain level of correlation. Overall if it’s applied with OTA all the advanced receiver gain would not be observed becaused it’s merged together with the good or bad antenna design so it’s not really verifying the baseband functionality. 
Issue 4: The fourth issue is related to Issue 3. Without a proper model of UE Rx antennas/beams it’s impossible to define a pass/fail criterion since there is no such SINR knowledge through the OTA model.

Issue 5: The fifth issue is how to model the interfering cell condition which is also very crucial for UE performance tests. Different receivers with or without interference cancellations capabilities could play a very different role for the UE performance in the system. So far, it’s not seen any solution supporting it. 
Issue 6: For the verification part. In the DL conducted test, UL path is noiseless and we don’t need to assume TE miss the signal (e.g., HARQ-ACK on PUSCH/PUCCH). For OTA-based measurement, UL path is also OTA. Therefore, TE might miss the UL signal needed for judgement.
Issue 7: Then the last is about the timeline. There are only 6 months scheduled for mmWave NSA release for the performance parts. From schedule wise we don’t have time to have massive discussions like what happened for MIMO OTA that spreaded in time for 8-9 years.
In Figure 1 we show an example of how OTA can be modelled in the tests for the UE performance tests. With all the issues described above it seems unlikely with such approach it can fulfil the UE performance tests with a good test coverage or test quality or test reliability within the limited timeline.
Observation 4: There are issues listed above that can’t fulfil the goal for UE performance tests through OTA and there is no solution yet seen to solve all the issues.

Proposal 1: For NR mmWave UE performance tests OTA can’t be used for the test method as it can’t fulfil the UE performance tests with a good test coverage or test quality or test reliability within the limited timeline.
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Figure 1 Example of OTA model for UE performance tests as Option 1
Pros:

· No added UE cost, any production UE can be put under test

Cons:

· No model/control of Rx antenna/beam correlation, UE antenna design affecting performance causing larger performance uncertainty and more band dependent results.  

· Higher uncetrainty than conducted test

· Requires some means to align the beam directions in both the SS and UE, e.g. test commands to lock the UE beam to simplify the setup and get higher accuracy. (Cf MIMO OTA with MPAC requiring 8x2 transmission points with fading just for 2D antenna sweep)

· Unclear how to model interfering cells (same or different SS antenna)

Functionality restrictions:

· Inter-frequency or Inter-RAT scenarios not supported

As the last and most practical option as Option 2 to use IF or TAB interface for conducted tests the main concerns are 1) it may touch upon certain UE implementation and 2) it has been considered as extra cost for the UE companies so we now aim for reducing such concerns with more specific proposals to be discussed. 
Observation 5: For Option 2 to use IF interface for conducted tests the main concerns as following should be addressed and solved in the best extent in 3GPP.
· Concern 1: It may touch upon certain UE implementation 
· Concern 2: It has been considered as extra cost for the UE companies 

For the 1st UE implementation related issues we fully understand the concern so the idea is not to standardize any detail for such IF interface from 3GPP but only requests the UE companies to provide such interface. It would be up to each UE vendor on where/how to take out the interface based on their own UE receiver design. It’s shown in Figure 2 as an example on how we capture different domains for such IF interface. For the conducted test environments from the signal part, it’s the same as LTE as the TE vendor domain to provide SS with multiple cells and faders. For the device vendor domain only the IF interface is requested along with an (optional) adapter box to convert to the actual level, frequency and port mapping of the UE IF design without any details to be specified. So the standardized part would be the same as before and the UE specific part is completely up to the UE vendor to control. As the absolute power level is not critical for the UE performance tests but rather a relative SNR/SINR level so by following this method, the adapter should not affect the performance and everything would be the same setup as LTE.

For the 2nd extra cost issue it has been observed to provide such connectors with the adaptor as IF is an extra cost for the UE companies which is a very valid point. But it has been observed that for the UE companies the testing procedure is to certify a certain UE model, only one UE is sent to an accredited test lab. Once it’s certified then all millions of UEs with the same model are officially certified. Also, it’s noticed even today there are LTE devices which don’t have any connector available, and therefore need hardware modification before being sent to the lab. From this point the effort to modify only ONE cell phone sent to the lab is the same as LTE. So the proposal is to only modify ONE UE sent to the lab with such IF connectors instead of all massive commercial UEs with the same model. This is by the largest amount to save the cost with such approach.

Proposal 2: Use Option 3 with IF interface for conducted testing for NR mmWave UE performance tests.
Proposal 3: No standardized IF interface and it’s completely up to UE vendors to provide the IF interface based on their own UE receiver design.

Proposal 4: Only THE ONE UE sent to the test lab needs to provide such connectors as IF interface for conducted testing instead of all commercial UEs.
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Figure 2 Example of IF interface model for UE performance tests as Option 2
Pros:

· Enable realistic radio channel modelling as in LTE including CSI feedback without significant added cost/complexity on test equipment side

· High accuracy in SINR (absolute Ior level is not critical for the test result)

· Well control of antenna correlation for different test scenarios

· No added UE production cost since connectors are not present in commercaial UEs

Cons:

· Require modified UE hardware supplied to test lab (note: already today UEs without antenna ports exist, so same approach is already working for certification)

· Require device vendor to supply an adapter if it can’t be directly used

Functionality restrictions:

· UE frontend related functionality bypassed

· Inter-frequency or Inter-RAT scenarios not supported

· No UL power control

3 Test lists 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 6: 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 7: It’s important to ensure a good test coverage and test quality for the first release of NR.

Proposal 5: 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

	Extra LTE baseline performance tests
	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 demodulation 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, existing/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, existing/new bandwidths, number of Rx ant ports etc. For PBCH there may only be requirements defined without conformance tests ( same as LTE)
	MMSE-IRC

	
	Control channels (PCFICH, PDCCH)
	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, existing/new bandwidths, number of Rx ant ports etc. For 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


4 Applicability for performance tests 

As proposed in [1], 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 6: Define separate UE capability for below 6GHz and mmWave.

Proposal 7: 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.

5 Conclusion

This contribution provides the test scope for NR UE performance part with proposals as following.
Observation 1: For the performance tests, the key is the fading channel condition together with MIMO schemes from both BS and UE sides where it’s critical to have good control on the Rx antennas.
Observation 2: For the NR mmWave range from previous discussions now we have 3 options on the table for the UE performance tests as following.

· Option 1: OTA

· Option 2: Conducted method

· Option 3: Postpone the mmWave UE performance tests to the next release.

Observation 3: Option 3 to postpone the mmWave UE performance tests to next release is no longer an option.

Observation 4: There are issues listed above that can’t fulfil the goal for UE performance tests through OTA and there is no solution yet seen to solve all the issues.

Proposal 1: For NR mmWave UE performance tests OTA can’t be used for the test method as it can’t fulfil the UE performance tests with a good test coverage or test quality or test reliability within the limited timeline.

Observation 5: For Option 2 to use IF interface for conducted tests the main concerns as following should be addressed and solved in the best extent in 3GPP.
· Concern 1: It may touch upon certain UE implementation 
· Concern 2: It has been considered as extra cost for the UE companies 

Proposal 2: Use Option 3 with IF interface for conducted testing for NR mmWave UE performance tests.

Proposal 3: No standardized IF interface and it’s completely up to UE vendors to provide the IF interface based on their own UE receiver design.

Proposal 4: Only THE ONE UE sent to the test lab needs to provide such connectors as IF interface for conducted testing instead of all commercial UEs.

Observation 6: 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 7: It’s important to ensure a good test coverage and test quality for the first release of NR.

Proposal 5: 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

	Extra LTE baseline performance tests
	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 demodulation 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, existing/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, existing/new bandwidths, number of Rx ant ports etc. For PBCH there may only be requirements defined without conformance tests ( same as LTE)
	MMSE-IRC

	
	Control channels (PCFICH, PDCCH)
	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, existing/new bandwidths, number of Rx ant ports etc. For 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 6: Define separate UE capability for below 6GHz and mmWave.

Proposal 7: 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.
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