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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 method
There are currently 2 different test methods put on the table for NR testing, which is either conducted tests or OTA. For conducted test method it’s well used for LTE UE performance tests which have been proved effective but it’s with high cost with cables and can only conducted with certain freuqnecy range. And it’s also common understanding now for very high frequency range e.g. mmWave around 28GHz the only possible test method is with OTA for NR. Then for UE performance the requirements should be defined separatedly for different frequency ranges, regardless of how the specifications will be split.
Proposal 1: UE performance requirements should be defined separately for different frequency ranges as followinng
· Below 6GHz 
· Conducted method
· Beyond 6GHz
· OTA
· The basic structure for performance specification is proposed in [5] with general drafting rule for internal RAN4 usage proposed in [6].
3 Baseline performance tests compared to LTE
One concept to design NR is to at least ensure a similar performance as LTE when it’s under the same comparable condition between NR and LTE. Based on such assumption as minimum requirements we take the LTE performance as a baseline for NR to achieve, assuming it’s under the same or similar test configuration, e.g. 20MHz TM10 for LTE with DMRS for demodulation and CSI-RS for CSI reporting. 
Proposal 2: The 1st priority as the baseline performance tests is to ensure the basic NR UE performance is comparable to LTE UE performance under functionality in terms of performance.
· Define UE demodulation requirements with 20MHz. 

· The goal is to have LTE as baseline performance to compare with so under equivalent test scenario NR should have similar performance as LTE (We could use it in RAN4 as a first test to ensure comparable performance from LTE e.g. 20MHz TM10 performance as a reference)
4  Basic test scope for NR UE performance
Then based on such baseline performance we should further check the basic NR functionality in terms of new numerologies, new bandwidths, new MIMO schemes, etc. to achieve the verification of basic baseband functionality of NR features from UE side. The basic test scope if we keep the same test purpose from LTE such tests should still be kept for NR to verify the same type of functionality as LTE, including the UE demodulation tests based on DMRS and the CSI reporting based on CSI-RS for CQI, PMI, and RI.
Proposal 3: The RAN4 test scope will keep in the same concept for NR to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, new MIMO schemes, etc. as the following
· UE demod based on DMRS
· FRC on certain SNR/SINR to check TP
· CSI based on CSI-RS
· CQI
· Reported medium CQI in certain range under fixed SNR
· PMI
· Follow PMI is providing enough gain than random PMI
· RI
· Follow rank is providing enough gain than fixed rank
5  New test scope for NR specific features
There are many new features that will be introduced in NR, which are not existing for LTE. We will need to come up with new tests covering such new features, including the dynamic CSI-RS design, the new concept of beam management in terms of beam tracking from UE sides, the beam selection during initial access, the beam link failure tests similar to RLF in LTE, also the PRACH and SRS transmission based on the right beam selected by the UE and if the UE follows SRS resource indication correctly. Furthermore, the UL MIMO with beam forming from UE sides is new feature for NR so the UE needs to ensure a proper precoder which requires a test. And another important feature for NR as MU-MIMO should be better designed in terms of channel model and interference model than LTE since the existing LTE channel model for MU-MIMO was too much simplified with only white noise modelled so it can’t really reflect the practical condition for MU-MIMO so on this point for NR it should be improved. Then for NR there is no CRS any longer so the time and frequency tracking need to base on something different so how to ensure the time and frequency tracking ability in terms of performance requires more study and confirmation. For the beam management concept although either going for analog or digital beam forming is still up to BS implementation it seems very necessary to have certain beam forming with beam management even under 6GHz condition. 
Proposal 4: The new test scope in RAN4 for NR for both frequency range 1 and range 2 includes the following
· 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

· Throughput performance with time/frequency estimation by CSI-RS or DMRS (TBD by which RS)
· UL MIMO beam forming from UE side
· Right precoder is used from UE
· MU-MIMO with new channel, interference, and user model to ensure it reflects the new NR MU-MIMO scenarios
· Beam management related tests

· Beam tracking from UE side estimated by CSI-RS

· Initial access with beam selection

· Beam link failure test
· Similar to RLF, but operating only L1/L2

· PRACH
· Right beam estimated from UE side to transmit

· SRS
· Right beam estimated from UE side to transmit

· SRS resource indication (SRI) can be used to tell the UE to use a beam it has previously transmitted on.  The test may also need to validate that the UE transmits on beams as instructed by SRI.

6 Testability for performance tests with OTA

The OTA test method even for LTE the discussion is still ongoing without solo solution proved to be effective for UE performance tests. The problem seen so far for OTA is when it comes to fading condition it’s difficult to stay with one test method which will restrict the TE implementation. And on top of it even with the same test method the fading condition within the testing chamber is not easy to keep stable measurement accuracy. As noticed the SNR measurement accuracy right now for LTE OTA method is about +-2.5dB which is considered as too wide and can’t really ensure proper UE implementation for the baseband performance under fading condition. Moreover, for NR system with very high frequency range e.g. mmWave around 28GHz how the channel model would impact the OTA performance is another question mark. And the whole point of performance tests is to ensure the MIMO feature could function properly which also brings huge difficulty when it combines with fading condition and expected diversity gain considered from MIMO. So, before we can have a reliable way of testing performance beyond 6GHz using OTA it’s proposed to down prioritize the OTA tests in Rel-15 timeframe.

Proposal 5: Further study the testability of performance tests with OTA for beyond 6GHz. Prioritize below 6GHz with conducted test method only considering the aggressive time plan for Rel-15. Further consider OTA for beyond 6GHz in future release.

7 Conclusion

This contribution provides the test scope for NR UE performance part with proposals as following.
Proposal 1: UE performance requirements should be defined separately for different frequency ranges as followinng
· Below 6GHz 
· Conducted method
· Beyond 6GHz
· OTA
· The basic structure for performance specification is proposed in [5] with general drafting rule for internal RAN4 usage proposed in [6].
Proposal 2: The 1st priority as the baseline performance tests is to ensure the basic NR UE performance is comparable to LTE UE performance under functionality in terms of performance.

· Define UE demodulation requirements with 20MHz. 

· The goal is to have LTE as baseline performance to compare with so under equivalent test scenario NR should have similar performance as LTE (We could use it in RAN4 as a first test to ensure comparable performance from LTE e.g. 20MHz TM10 performance as a reference)

Proposal 3: The RAN4 test scope will keep in the same concept for NR to ensure the verification of basic NR feature e.g. existing/new numerologies, exisiting/new bandwidths, new MIMO schemes, etc. as the following
· UE demod based on DMRS

· FRC on certain SNR/SINR to check TP

· CSI based on CSI-RS
· CQI
· Reported medium CQI in certain range under fixed SNR

· PMI
· Follow PMI is providing enough gain than random PMI

· RI
· Follow rank is providing enough gain than fixed rank

Proposal 4: The new test scope in RAN4 for NR for both frequency range 1 and range 2 includes the following

· 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

· Throughput performance with time/frequency estimation by CSI-RS or DMRS (TBD by which RS)
· UL MIMO beam forming from UE side

· Right precoder is used from UE

· MU-MIMO with new channel, interference, and user model to ensure it reflects the new NR MU-MIMO scenarios
· Beam management related tests

· Beam tracking from UE side estimated by CSI-RS

· Initial access with beam selection

· Beam link failure test
· Similar to RLF, but operating only L1/L2

· PRACH
· Right beam estimated from UE side to transmit

· SRS
· Right beam estimated from UE side to transmit

· SRS resource indication (SRI) can be used to tell the UE to use a beam it has previously transmitted on.  The test may also need to validate that the UE transmits on beams as instructed by SRI.

Proposal 5: Further study the testability of performance tests with OTA for beyond 6GHz. Prioritize below 6GHz with conducted test method only considering the aggressive time plan for Rel-15. Further consider OTA for beyond 6GHz in future release.
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