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1. Introduction

In RAN4 #84bis a WF on FR2 UE performance requirements test scope was agreed [1]. The WF highlights a number of questions which may have direct impact on the developed test methods:
	Background:

· RAN4 has discussed a number of aspects concerning the UE performance test methodology development for NR FR2
· It was the Chairman’s guidance to prepare a list of questions to solicit the input from RAN4 demodulation/CSI experts to provide further guidance to the SI on test methods for NR
Way Forward

Demodulation/CSI experts are encouraged to provide view on the NR FR2 UE performance test scope and requirements within the Rel-15 timeframe, e.g.
· Expectations from test methodology

· Anticipated antenna correlation models for BS and UE (i.e. whether test setup should allow flexible control of correlation)
· Anticipated tolerance on SNR
· Scenarios

· Baseband or end-to-end test
· Number of UE Rx ports
· Number of MIMO layers
· Maximum distance between simultaneously active Rx antenna elements (antenna aperture)
· Number of BS TX antennas
· Number of cells
· Channel models
· Impact of UE antenna pattern on channel models
· Interference and channel conditions
· UE tracking of beam directions
· Channel state information reporting
· Impact of UE antenna pattern for baseband performance
· Whether multiple TX/RX beam modeling is needed for UE demodulation and CSI performance verification

· Whether the test method should include TX/RX FR2 RF impairments 

· Experts are requested to give their views on UE demodulation requirements necessary to ensure good network performance

· Any other expectations




In this contribution we provide our views on the raised questions on the UE demodulation and CSI reporting test methodology for FR2. 

2. Discussion
The summary of our views is provided in Table 1.
Table 1: Expectations from the demodulation baseline system

	Question
	Comments

	Anticipated antenna correlation models for BS and UE (i.e. whether test setup should allow flexible control of correlation)
	Depending on UE implementation there may be certain non-zero correlation between the signals in different RX chains which would depend on the antenna design. This factor may lead to the spread of results from different companies and may complicate the overall requirements definition. Further analysis is needed on the actual performance impact due to this. In general case, the control of RX correlation may be beneficial to allow verification of different BB functions..

	Anticipated tolerance on SNR
	Methodology should allow to control DL SNR at each RX chain / port with ±X dB accuracy. The test method should allow to differentiate UE implementations with [1dB] SNR difference with sufficient reliability. For example X ≤ [0.5 – 1.0] dB should be considered.

	Baseband or end-to-end test
	The test methodology should consider at least baseband functionality verification. E2E tests are not precluded. It is recommended that the test method experts provide more detailed analysis of possibility to support both approaches in one test setup.

	Number of UE Rx ports
	The typical UE implementations will include multiple panels each with its own antenna array and with certain number of UE RX ports. 
Antenna arrays: Number of RX antennas in the antenna array shall be transparent to the TE and left up to UE implementation. 
Number of UE RX ports per panel: It may be assumed that for Rel-15 the requirements shall be defined for UEs with two RX ports per panel (per beam). Larger number of ports may be considered in the future releases. 
Number of panels: It is expected the test method should not put constraints on number of panels. Also, it is anticipated that for Rel-15 a single active RX panel will be considered for Rel-15 requirements and this can be further extended in the future releases.
It is desirable to understand the detailed implications of the number of UE RX ports and MIMO layers on the test methodology (e.g. impact on accuracy, etc)



	Number of MIMO layers
	2 MIMO layers requirements expected to be defined for Rel-15. The test methodology should allow extension up to 4 MIMO layers. 
In general, the number of RX ports can be same or larger than the number of MIMO layers.

	Maximum distance between simultaneously active Rx antenna elements (antenna aperture)
	The maximum distance between different RX antennas depends on the distance between different panels. There are no constraints on panel placement at the device and, hence, the separation depends on the device form factor. The test methodology should allow testing device types, which are included into the NR Testability SI scope. 

	Number of BS TX antennas
	The number of BS TX antenna ports emulated by the test methodology should at least be equal to the number of MIMO layers.

The number of emulated BS TX antennas may impact the test cost and should be kept at low level.

	Number of cells
	The test method needs to allow modelling multiple cells, such as CoMP-like scenarios and interferer cell modelling. At least 2cells should be considered. FFS if 3 cells should be considered.

	Channel models and channel conditions
	NR TR 38.901 channel models are supported ( e.g. TDL and/or CDL).
No requirements to explicitly model different AOA spread for different taps/clusters

Model should have flexibility to model Doppler fading (channel variation in time domain) and support modelling of different delay spreads, LOS/NLOS conditions.

Methodology should support 60/120 kHz SCS and should be extendable to higher SCS. 

Channel sampling time should be high enough to allow channel variation on the OFDM symbol timescale.

Number of taps in the NR TDL/CDL models can be reduced (e.g. remove low power taps). Exact criteria can be further discussed.
For multi-cell modelling the test method should allow separate control of propagation characteristics for each link incl. channel model, time offset, frequency offset, delay spread, Doppler spread.

For multi-beam modelling the test method should allow separate control of propagation characteristics for each beam (details FFS).

	Interference conditions
	Rel-15 requirements are expected to be defined under interference-free conditions. FFS if scenarios with multiple interferers will be considered in the future releases.

	Impact of UE antenna pattern on channel models
	The channel model directivity characteristics may be potentially affected due to BS/UE antennas patterns and beamforming. The effective channel models for the UE performance requirements may need to take these effects into account.

	UE tracking of beam directions
	UE demodulation tests can be run under fixed/locked beam assumption. There is no need to model beam reselection.

	Channel state information reporting
	The test methodology should allow CSI reporting verification. No substantial difference vs UE demodulation methodology is expected.
Whether the fixed/locked beam assumption is applicable to CSI reporting tests is FFS. In general, fixed beam methodology can also work.

	Impact of UE antenna pattern for baseband performance
	Antenna pattern may have impact on the spread of results and on the overall demodulation performance. 

	Whether multiple TX/RX beam modeling is needed for UE demodulation and CSI performance verification
	Recommend to focus on the single beam in the first release.

Multiple TX/RX beam modeling may be needed in the future release (e.g. for multi-panel performance verification)

	Whether the test method should include TX/RX FR2 RF impairments
	It is recommended that test methodology should allow to test TX phase noise handling (i.e. modelled by TE). 
The methodology should allow verification of UE RX phase noise handling.
The TE should be capable to generate TX EVM to emulate the remaining RF impairments.

	Views on UE demodulation requirements necessary to ensure good network performance
	NR FR2 UE demodulation and CSI reporting requirements should ensure sufficient functionality coverage. In the ideal case the similar test scope as for LTE (and NR FR1) is anticipated (e.g. PDSCH demodulation, PDCCH demodulation, CSI reporting, etc.).
In case the test time/cost/accuracy are much different comparing to the FR1, RAN4 shall consider to reduce the number of test cases or simplified test methodologies. 
Recommend TE vendors to provide analysis on the comparison of FR1/FR2 test methods.

	Any other expectations
	· In general case some test methods may require additional UE implementation impact (e.g. measurements, reporting). It is recommended that TE vendors provide detailed information on the parameters required to support either of the test approaches.
· Test methodology should allow error-free (or almost error-free) UL transmission to provide HARQ and CSI feedback from UE to the TE. For NSA case - can use LTE as test interface for feedback. For SA case - UL transmission should have very high SNR.
· The demodulation testing methodology should be extendable to support sidelink (SL) operation.
· Test equipment (TE) should be able to support NR peak data rates with max CBW and number of CCs at least under static channel conditions.
· TE vendors should provide information on the minimum achievable impairments level (e.g. TX EVM). Preferably, the values should be much lower than the BS TX EVM requirements.

· It is preferred to have test time on par with FR1 test methods. In case the test time is higher such information should be provided so that RAN4 may consider to limit the overall number of test cases.
· Test methodology should support NSA operation of LTE + NR FR2 and CA operation of NR FR1 + FR2 CA.

· For NSA operation at least 1 LTE cell should be modelled, and it is FFS whether channel propagation between the LTE cell and the UE needs to be modelled.

· For CA operation it is FFS whether channel propagation between FR1 cell and UE needs to be modelled.


3. Conclusions

In this contribution we provided our views on the FR2 UE demodulation test methodology. The following proposals are made: 
Proposal 1: The demodulation test methodology should allow to control DL SNR at each RX chain / port with ±X dB accuracy. The test method should allow to differentiate UE implementations with [1dB] SNR difference with sufficient reliability. For example X ≤ [0.5 – 1.0] dB should be considered.

Proposal 2: The demodulation test methodology should consider at least baseband functionality verification. E2E tests are not precluded. It is recommended that the test method experts provide more detailed analysis of possibility to support both approaches in one test setup.

Proposal 3: NR TR 38.901 channel models are supported (e.g. TDL and/or CDL).

Proposal 4: Test equipment vendors and methodology proponents are encouraged to respond to the complete list of expectations summarized in Table 1 for the NR AH #4 meeting.
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