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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 analyse the OTA 2-stage approach for NR UE performance tests with more detailed action points to be addressed and the reason to keep conducted test method as a backup plan. 
2 Test method for NR UE performance tests
We have raised the issues for OTA as listed below, so we need to check if the Opton A as the 2-stage approach from [2] could solve all the issues one by one within limited time schedule for NR performance part, in order to prove the testability.
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. It is extremely important to separate the antenna part impact out of the baseband performance. Because the final goal of UE performance is still to get alignment results among all companies’ practical implementation of their receiver chain to check the baseband functionality. We need to focus on the baseband and take away the other impact such as RF or antenna design. So we need to ensure the OTA method won’t mix the antenna impact with the baseband performance.

Issue 5: The fifth issue is also 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. The definition of SNR/SINR in LTE was linked to CRS and for NR the definition of SNR/SINR is not clear now. Also, how to get a fixed SNR/SINR value by OTA is still uncertain yet.
Issue 6: The sixth 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 7: 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 8: 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.

Proposal 1: To prove the testability, we need to check the Option A for the 2-stage approach of OTA could solve all the issues one by one within limited time schedule for NR performance part.
When it comes to the OTA 2-stage approach the intention is for a cable replacement but done by OTA so it seems it can solve many issues as promised but there are more open issues or items to be clarified and standardized for such approach. As shown in Figure below the key points of such method 1) is on the reported channel from DUT and 2) is on the channel inversion done by the OTA adaptors. Because any bias raised to either one of the points it will bring an obvious impact to the performance part, e.g. 2dB difference on baseband can be easily eaten up by any difference either from the reported channel or the channel inversion.


Figure 1 Schematic overview of Option A: Test setup with baseband emulation of Multi-AoA [2]

Option A Issue 1: First is how the UE report/measure the channel. Right now for mmWave there is no CRS so it must be based on certain SSB liked used for RSRP but then such definition is still unclear for the moment. Then how well this measurement of channel will be needs to be standardized in a good way.
Option A Issue 2: The next thing is about how the SS is doing the channel inversion as the OTA adaptor. There are certain cases the antennas simply can’t be calibrated so we need to more details of the OTA adaptor on how to inverse the channel and how to report the channel.
Option A Issue 3: How Option A used by MIMO-OTA with 2Rx could be extended to 4Rx at least with what measurement accuracy and how well the antenna calibration could be.
Option A Issue 4: How the antenna configuration is modeled and how the correlation is modeled and controlled through the reported channel and the channel inversion.

Option A Issue 5: How well the implementation of the channel inversion is done among TE companies. This needs to be standardized well also.

Proposal 2: To further prove the testability, TE vendors need to provide more details for all the issues above to ensure NR UE performance tests could get good alignments for baseband functionality among companies (LTE time 2dB is considered as alignment achieved without impairment results added). 
But before we are convinced that OTA 2-stage is good enough to achieve the test quality and test coverage, we still want to leave the IF/TAB interface for conducted tests as an option, to make sure we can still have the NR UE performance tests testable in Rel-15 timeframe. The method is shown in Figure 2.
 
Proposal 3: Use IF/TAB interface for conducted testing as backup plan for NR mmWave UE performance tests, in case the OTA method can’t fulfil the test scope or test quality (which should be the definition of testability), to make sure we can still have the NR UE performance tests testable in Rel-15 timeframe.
· No standardized IF interface and it’s completely up to UE vendors to provide the IF interface based on their own UE receiver design.

· 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/TAB interface model for UE performance tests
3 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 4: Define separate UE capability for below 6GHz and mmWave.

Proposal 5: 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 Conclusion

This contribution provides the test scope for NR UE performance part with proposals as following.
Proposal 1: To prove the testability, we need to check the Option A for the 2-stage approach of OTA could solve all the issues below one by one within limited time schedule for NR performance part.

· 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. 

· 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. It is extremely important to separate the antenna part impact out of the baseband performance. Because the final goal of UE performance is still to get alignment results among all companies’ practical implementation of their receiver chain to check the baseband functionality. We need to focus on the baseband and take away the other impact such as RF or antenna design. So we need to ensure the OTA method won’t mix the antenna impact with the baseband performance.

· Issue 5: The fifth issue is also 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. The definition of SNR/SINR in LTE was linked to CRS and for NR the definition of SNR/SINR is not clear now. Also, how to get a fixed SNR/SINR value by OTA is still uncertain yet.

· Issue 6: The sixth 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 7: 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 8: 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.

Proposal 2: To further prove the testability, TE vendors need to provide more details for all the issues below to ensure NR UE performance tests could get good alignments for baseband functionality among companies (LTE time 2dB is considered as alignment achieved without impairment results added). 

· Option A Issue 1: First is how the UE report/measure the channel. Right now for mmWave there is no CRS so it must be based on certain SSB liked used for RSRP but then such definition is still unclear for the moment. Then how well this measurement of channel will be needs to be standardized in a good way.
· Option A Issue 2: The next thing is about how the SS is doing the channel inversion as the OTA adaptor. There are certain cases the antennas simply can’t be calibrated so we need to more details of the OTA adaptor on how to inverse the channel and how to report the channel.
· Option A Issue 3: How Option A used by MIMO-OTA with 2Rx could be extended to 4Rx at least with what measurement accuracy and how well the antenna calibration could be.

· Option A Issue 4: How the antenna configuration is modeled and how the correlation is modeled and controlled through the reported channel and the channel inversion.

· Option A Issue 5: How well the implementation of the channel inversion is done among TE companies. This needs to be standardized well also.

Proposal 3: Use IF/TAB interface for conducted testing as backup plan for NR mmWave UE performance tests, in case the OTA method can’t fulfil the test scope or test quality (which should be the definition of testability), to make sure we can still have the NR UE performance tests testable in Rel-15 timeframe.

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

· 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.

Proposal 4: Define separate UE capability for below 6GHz and mmWave.

Proposal 5: 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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6 Annex: potential test lists for UE performace
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
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