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1.	Introduction
[bookmark: _GoBack]Till RAN4#94e meeting, most topics of MIMO OTA study item have been finished. Some topics have been discussed but final decision will be made in WI phase, e.g. FR2 performance metric and SNR range analysis. During the SI to WI stage, further discussion is helpful on these leftover issues. In this contribution, we further discuss FR2 performance metric and SNR range. And the relationship among performance metric, SNR range and RMC down selection is analysed.
2. 	Discussion
2.1	FR2 performance metric and SNR range
In RAN4#94e meeting, two approaches for FR2 performance metric are proposed for PC3: one is average approach based on 50% test points [1] and another is CDF approach based on 80% test points [2]. After discussion it is finally agreed in WF [3] shown as following:
 (
Performance metrics
option1: averaging of the [xx] measured sensitivity points, how to select the points is FFS.  
option2: sensitivity value at the [xx] percentile of the CCDF.
The value of [xx] shall be defined in potential WI phase.
) 
No matter which option is finally chosen in WI phase, we observed that the [xx] value impacts the feasible SNR range greatly. It seems that the SNR range analysis is important not only for system validation but also for FR2 MIMO OTA test method. SNR range analysis is also encouraged by WF [3]:
 (
Feasible SNR ranges for 3D MPAC
SNR upper bound is not suggested to be added in the TR. For system validation purpose, this value can be further discussed in WI phase. 
Feasible SNR range is encouraged to be discusse
d.
)
Different from some beam peak direction test cases in RF/RRM/Demod, FR2 MIMO OTA is performed in a 3D scan manner with 36 test points in sphere, many non-beam-peak direction will be tested and many of the test results at those directions will be taken into account for calculation of final result depending on performance metric. As long as the test points will be used for performance metric, the SNR shall be guaranteed for those test points. So the worst test point adopted by performance metric determines the upper bound of feasible SNR range for MIMO OTA.
Observation 1: feasible SNR range should be based on non-beam-peak direction for test cases where non-beam-peak direction test is implemented. And the upper bound of feasible SNR range is determined by the worst test point where test result is taken into account by performance metric.
Proposal 1: when deciding the [xx] value for FR2 performance metric, the feasible SNR range shall be considered and guaranteed. 
Previous papers [4][5] on SNR range analysis show different result at beam peak direction. The main reason lies in how to treat the contribution of multi-probe. In our view, the same DL power assumption for all probes are not suitable for SNR range analysis. Though the final probe layout has not been finally decided yet, we can still observed that the power level of different probes are quite different, e.g. the power level of multi-probe in [6]

We can see that only one probe has dominant power level. So the SNR range analysis can be based on single-probe assumption and the contribution from other probes can be ignored.
Observation 2: for SNR range analysis, only one probe play the dominant role and the contribution from other probes can be ignored
Proposal 2: SNR range analysis for FR2 MIMO OTA can be based on single-probe. 
Based on proposal 2, we can get the upper bound of SNR range at beam peak direction is [24.7] dB in case of without Noc, according to proposal 1, the worst test point determines the upper bound of SNR range of MIMO OTA system. The difference between peak EIS spec and EIS spherical coverage is around 12.6dB for 39GHz band. If FR2 performance metric takes 50% test points into account, there will be 12.6dB degradation to SNR range, i.e., 24.7-12.6=12.1dB.
Observation 3: If FR2 performance metric takes 50% test points into account, the upper bound of SNR range is 12.1dB; If FR2 performance metric takes 80% test points into account, SNR range will be even worse.
2.2	FR2 RMC down selection
In MIMO OTA SI phase, there are two options for FR2 RMC i.e. 16QAM and 64QAM. Further down selection will be done in WI phase. Based on the analysis in section 2.1, we can see that FR2 performance metric and SNR range has high impact to the RMC down selection.
According to Table 7.2.2.2.1-4 of TS38.101-4, the SNR reference value for 64QAM at 70% max throughput is 18.6dB which was also referred to in [7]
Table 7.2.2.2.1-4 of TS38.101-4
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)

	2-1
	R.PDSCH.5-4.1 TDD
	100 / 120
	QPSK, 0.30
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	4.1

	2-2
	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	70
	14.4

	2-3
	R.PDSCH.5-5.2 TDD
	50 / 120
	16QAM,0.48
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	14.0

	2-4
	R.PDSCH.5-2.3 TDD
	200 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	70
	14.2

	2-5
	R.PDSCH.4-1.1 TDD
	50 / 60
	16QAM, 0.48
	FR2.60-1
	TDLA30-75
	2x2 ULA Low
	70
	14.3

	2-6
	R.PDSCH.5-6.1 TDD
	100 / 120
	64QAM, 0.43
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	18.6



According to observation 3, upper bound of SNR range is 12.1dB if performance metric takes 50% test points into account. Though it is a theoretical value, there may be some margin in practice, it is very challenging to support 64QAM RMC to achieve 70% max TP. If FR2 performance metric takes 80% test points into account, 64QAM RMC will be not feasible due to poor SNR.
Observation 4: if FR2 performance metric takes 50% test points into account, the 64QAM RMC is very challenging; if FR2 performance metric takes 80% test points into account, the 64QAM RMC will be not feasible.
Proposal 3: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.
3. 	Conclusion
In this paper, FR2 performance metric, SNR range, RMC down selection and their relationship have been discussed:
Observation 1: feasible SNR range should be based on non-beam-peak direction for test cases where non-beam-peak direction test is implemented. And the upper bound of feasible SNR range is determined by the worst test point where test result is taken into account by performance metric.
Proposal 1: when deciding the [xx] value for FR2 performance metric, the feasible SNR range shall be considered and guaranteed. 
Observation 2: for SNR range analysis, only one probe play the dominant role and the contribution from other probes can be ignored
Proposal 2: SNR range analysis for FR2 MIMO OTA can be based on single-probe.
Observation 3: If FR2 performance metric takes 50% test points into account, the upper bound of SNR range is 12.1dB; If FR2 performance metric takes 80% test points into account, SNR range will be even worse.
Observation 4: if FR2 performance metric takes 50% test points into account, the 64QAM RMC is very challenging; if FR2 performance metric takes 80% test points into account, the 64QAM RMC will be not feasible.
Proposal 3: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.
4. 	References
[1] [bookmark: _Ref6492277][bookmark: _Ref16090396][bookmark: _Ref536518839][bookmark: _Ref528673925][bookmark: _Ref525739026][bookmark: _Ref513646437][bookmark: _Ref508875069][bookmark: _Ref508874720][bookmark: _Ref484009661][bookmark: _Ref447703865][bookmark: _Ref455046197][bookmark: _Ref473734040][bookmark: _Ref481653652][bookmark: _Ref447634836][bookmark: _Ref447633816]R4-2000272 	“Proposal on MIMO OTA performance metrics for FR2”, Samsung
[2] R4-2000895 	“TP to TR 38.827 v1.1.0 on FR2 MIMO OTA performance metrics”, CAICT
[3] R4-2002471 	“WF on finalizing FR2 MIMO OTA”, CAICT, Keysight
[4] R4-2000505 	“Study feasible SNR ranges for NR FR2 MIMO OTA in 3D MPAC”, Qualcomm
[5] R4-2002153 	“Sample SNR ranges in FR2 OTA setup”, Keysight
[6] R4-2002073 	“System Design and Probe layout for FR2 MPAC MIMO OTA”, Spirent
[7] R4-1915091 	“Adding 64QAM RMC for NR FR2 MIMO OTA”, Qualcomm
image1.emf
Model 3 strongest Clusters ind. Power 1 [dB] Power 2 [dB] Power 3 [dB]

CDL-A InO 2,3,5 23.9573 -32.0115 -35.9285

CDL-C UMi 4,2,1 23.0401 5.8506 -5.3172


