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1	Introduction
In RAN4#92bis meeting, the RMC for NR MIMO OTA was discussed in [1-2]. The corresponding TP for RMC was agreed in [3] which specifies the R.PDSCH.5-2.2 TDD configurations considering the testable SNR for FR2 MIMO OTA. But during the discussion, we realized that the testing will be based on noise-limited test condition which will lead to higher maximum testable SNR. Therefore, the following action related with FR2 RMC was agreed in [4]:
· Further check on introducing 64QAM RMC in FR2 MIMO OTA based on the testability study
In this paper, we provide the views on the testability of 64QAM RMC in FR2 MIMO OTA testing.
[bookmark: _GoBack]2	Discussion
In FR2 demodulation methodology, the maximum testable SNR was derived in the attached calculator in TR38810. To achieve 1dB difference between Reference point SNR and Baseband SNR, no is sent with wanted signal from the test equipment. 
The Noc values are based on REFSENS for the operating band and on the UE Power class and taking a baseline of UE Power Class 3 in band n260.
Noc = RESFENSPC3, n260, 50MHz -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
where:
-	REFSENSPC3, n260, 50MHz is the REFSENS value in dBm specified for Power Class 3 UE in band n260 for 50MHz channel bandwidth in TS 38.101-2 Table 7.3.2.3-1, [dBm/Hz]
-	SCSREFSENS is a subcarrier spacing associated with NRB for 50MHz in TS 38.101-2 Table 5.3.2-1, chosen as 120kHz. 
-	PRBREFSENS is NRB associated with subcarrier spacing 120kHz for 50MHz in TS 38.101-2 Table 5.3.2-1 and is 32.
-	12 is the number of subcarriers in a PRB
-	SNRREFSENS = -1 dB is the SNR used for simulation of REFSENS 
-	∆thermal is the amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal = 6dB, giving a rise in total noise of 1dB.
With that, the SNR upper bound values for Direct far field (DFF) which has the worst SNR range is given in Table 1. For 100MHz channel bandwidth UE even with the multi-band, the maximum SNR is 17.4dB
Table 1: SNR upper bound value for DFF with Noc
	
	Channel Bandwidth
	Maximum SNR

	Multi-band UE (Note)
	100 MHz
	[17.4 dB]

	Note:	For ∑MBp from TS 38.101-2Table 6.2.1.3-4 allow up to 2 dB



While in FR2 MIMO OTA testing, the noise-limited test condition was agreed to be used which means only wanted signal will be transmitted from test equipment. Though the measurement distance is not defined yet for FR2 MIMO OTA, we can use the same assumption to calculation the SNR range based on Rel-15 testability SI. Then we re-calculate the maximum SNR without Noc level, and the following maximum SNR can be reached for 100MHz case (The calculator is attached).
Table 2: SNR upper bound value for DFF without Noc
	
	Channel Bandwidth
	Maximum SNR

	Multi-band UE (Note)
	100 MHz
	[24.7dB]

	Note:	For ∑MBp from TS 38.101-2Table 6.2.1.3-4 allow up to 2 dB



Observation 1: The SNR upper bound value for DFF without Noc is 24.7dB for 100MHz channel bandwidth.
From the Table 3 which is defined in Table 7.2.2.2.1-4 of TS38.101-4, the reference value for baseband is 18.6dB for 70% maximum throughput. 
Table 3: Minimum performance for Rank 2 (FRC)
	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



However, the fraction for maximum throughput has not been decided for NR MIMO OTA. But we can assume the same fraction as LTE MIMO OTA can be reused for FR2 MIMO OTA requirements which are 70% and 95%. Compared with 70% maximum throughput, to achieve 95% maximum throughput will need higher SNR. In TS37.144, E-UTRA TDD TRMS was defined shown in Table 4. We can observe that the requirements difference between 70% and 95% DL throughput with the reference measurement channel is 2dB.
Observation 2: For E-UTRA TDD, The TRMS minimum requirements difference between 70% and 95% DL throughput with the reference measurement channel is 2dB.
Therefore, even for 95% DL throughput, 64QAM RMC for FR2 is feasible with at least 4dB margin (24.7-18.6-2=4.1dB) based on the Rel-15 testability study. Moreover, we should note that the Rel-16 testability enhancement SI is ongoing in which the study on enhancing testable SNR is in the scope. Therefore, we can expect maximum SNR enhancement in the OTA chamber. In this case, we would have more margin.
Observation 3: For 95% DL throughput, 64QAM RMC for FR2 is feasible with at least 4dB margin based on the Rel-15 testability study. Moreover, we can expect the maximum SNR enhancement in the OTA chamber with Rel-16 testability enhancement SI output.
Table 4: Handheld UE TRMS minimum requirements for E-UTRA TDD roaming bands in free space and the primary mechanical mode
	
	Test 1

	Channel Model
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	38
	dBm/15 kHz
	-95.5
	-93.5

	39
	dBm/15 kHz
	TBD
	TBD

	40
	dBm/15 kHz
	TBD
	TBD

	41
	dBm/15 kHz
	-95.5
	-93.5

	42
	dBm/15 kHz
	TBD
	TBD

	46 (1,2)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:	This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3  
NOTE 2:	In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. 
NOTE 3:	Applicability for devices supporting 4-receiver architectures is not confirmed.



With above considerations, we have the following proposal: 
Proposal: Adding below 64QAM test parameters to TR 38.827 for NR FR2 MIMO OTA.
Table 5: Test Parameters for FR2 TDD 2x2 (64QAM)
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Reference channel
	
	R.PDSCH.5-6.1 TDD (Note 1)

	Bandwidth
	MHz
	100

	SCS
	kHz
	120

	Modulation DL
	
	64QAM

	Modulation UL
	
	QPSK

	Active DL BWP index
	
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	Table 8.2-6

	
	CSI-RS offset
	Slots
	Table 8.2-6

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	
	1/AL8

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2 of TS 38.101-4

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	1

	TDD UL-DL pattern
	
	FR2.120-1 (Note2) 

	Note 1: “R.PDSCH.5-2.2 TDD”  is defined in Table A.3.2.2.5-6 of TS 38.101-4
Note 2: “FR2.120-1” is defined in Annex A.1.3 of TS 38.101-4




3	Conclusion
In this paper, we provide the views on the 64QAM RMC for NR FR2 MIMO OTA testing. The following observations and proposal are given:
Observation 1: The SNR upper bound value for DFF without Noc is 24.7dB for 100MHz channel bandwidth.
Observation 2: For E-UTRA TDD, The TRMS minimum requirements difference between 70% and 95% DL throughput with the reference measurement channel is 2dB.
Observation 3: For 95% DL throughput, 64QAM RMC for FR2 is feasible with at least 4dB margin based on the Rel-15 testability study. Moreover, we can expect the maximum SNR enhancement in the OTA chamber with Rel-16 testability enhancement SI output.
Proposal: Adding below 64QAM test parameters to TR 38.827 for NR FR2 MIMO OTA.
Table 5: Test Parameters for FR2 TDD 2x2 (64QAM)
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Reference channel
	
	R.PDSCH.5-6.1 TDD (Note 1)

	Bandwidth
	MHz
	100

	SCS
	kHz
	120

	Modulation DL
	
	64QAM

	Modulation UL
	
	QPSK

	Active DL BWP index
	
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	Table 8.2-6

	
	CSI-RS offset
	Slots
	Table 8.2-6

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	
	1/AL8

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2 of TS 38.101-4

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	1

	TDD UL-DL pattern
	
	FR2.120-1 (Note2) 

	Note 1: “R.PDSCH.5-2.2 TDD”  is defined in Table A.3.2.2.5-6 of TS 38.101-4
Note 2: “FR2.120-1” is defined in Annex A.1.3 of TS 38.101-4
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