Page 1

3GPP TSG-RAN WG4 Meeting #91

R4-1905733
Reno, USA, 13th – 17th May, 2019
Agenda item:
6.12.1.2.2
Source:
Intel Corporation
Title:
Discussion on SDR requirements
Document for:
Discussion
1 Introduction

In the RAN4 #90bis meeting multiple agreements NR SDR requirements for SA and EN-DC scenarios were reached [1]. In this paper we provide our views on the remaining aspects of the NR SDR requirements:

· 
Finalization of MCS to SNR mapping table for FR2 SA requirements
· 
SDR methodology for NR CA between FR1 and FR2

2 Discussion
2.1 MCS to SNR mapping table for FR2 SA requirements
In [2] we provided SDR simulation results for all agreed scenarios (i.e. Rank 1 and 2, SCS 60 and 120 kHz). The simulation results are also provided in the attached Excel spreadsheet:
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We suggest to use these results for definition of MCS to SNR mapping table in RAN4 #91 meeting.

2.2 SDR for NR CA between FR1 and FR2
In previous RAN4 meetings the SDR requirements were defined for the following scenarios

· SA FR1

· SA FR2

· EN-DC within FR1

· EN-DC including FR2

· EN-DC including FR1 and FR2

Same time, there was no detailed description on the SDR methodology for NR CA between FR1 and FR2. In the latest version of TS 38.101-4 the following methodology is captured:

	During the test, only the demodulation performance requirements on FR2 carriers are verified. The demodulation performance requirements for FR2 are specified in Section 7.5.


The respective description may cause ambiguity on the exact procedure for SDR testing and should be clarified. In previous RAN4 meeting, SDR methodology for EN-DC including FR1 and FR2 was agreed. We suggest to reuse this methodology for the identification of the tested CA combinations and SDR test parameters for NR CA between FR1 and FR2:
· Step 1: Calculate data rate (DataRateFR2) for FR2 CCs for all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities:
· Step 1-1: Select MCSupperbound which allows to achieve the largest data rate [TS 38.306, Section 4.1.2] based on UE capabilities.
· Step 1-2: Identify testable SNR value for particular test configuration based on test equipment and UE characteristics.
· Step 1-3: Use “SNR to MCS+Rank” table to find MCSpractical for each FR2 CC in NR CA bandwidth combination.
· Step 1-4: Calculate data rate using the MCS = min(MCSupperbound, MCSpractical) for each FR2 CC in NR CA bandwidth combination
· Step 2: Calculate data rate (DataRateFR1) for FR1 CCs for all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities using equation from [TS 38.306, Section 4.1.2]
· Set of per NR FR1 CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306, Section 4.1.2].
· Step 3: Select one NR CA bandwidth combination among all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest total data rate (DataRateFR1+ DataRateFR2)

· Step 4: For each NR FR2 CC in NR CA bandwidth combination, use MCSs from Step 1-4 for selected NR CA bandwidth combination. 
In Figure 1 we provide an illustration of the SDR methodology for NR CA between FR1 and FR2 NR carriers.
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	Figure 1. SDR methodology for NR CA between FR1 and FR2.


Proposal #1:
Define SDR methodology for NR CA scenarios between FR1 and FR2 NR carriers similar to EN-DC scenarios including FR1 and FR2 NR carriers:

· Step 1: Calculate data rate (DataRateFR2) for FR2 NT CCs for all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities:
· Step 1-1: Select MCSupperbound which allows to achieve the largest data rate [TS 38.306, Section 4.1.2] based on UE capabilities. 
· Step 1-2: Identify testable SNR value for particular test configuration based on test equipment characteristics 
· Step 1-3: Use “SNR to MCS+Rank” table to find MCSpractical for each FR2 CC in EN-DC bandwidth combination
· Step 1-4: Calculate data rate using the MCS = min(MCSupperbound, MCSpractical) for each FR2 CC in EN-DC bandwidth combination
· Step 2: Calculate data rate (DataRateFR1) for NR FR1 CCs for all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities using equation from [TS 38.306, Section 4.1.2]

· Set of per NR FR1 CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306, Section 4.1.2].

· Step 3: Select one NR CA bandwidth combination among all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest total data rate (DataRateFR1+ DataRateFR2)

· Step 4: For each NR FR2 CC in NR CA bandwidth combination, use MCSs from Step 1-4 for selected NR CA bandwidth combination. 
2.3 Requirements applicability
At current stage, three types of SA and three types of NSA SDR requirements have been defined. In RAN4 #89 [3] it was agreed that if UE supports NSA and SA operation, then SDR requirements are tested for both SA and NSA. However, it is not clear what happens if UE supports all multiple SA and NSA scenarios (i.e. within FR1, including FR2 and including FR1 and FR2). 
From a testing point of view, SDR requirements for a scenario including FR2 and a scenario including FR1 and FR2 are almost identical. For NSA case for these two scenarios, E-UTRA CC is configured as PCell and used for transmission of control information and FR2 CCs are used for transmission of data signal and UE performance verification. Same time for EN-DC scenarios including FR1 and FR2, FR1 CCs are used only in calculation of total data rate and selection of bandwidth combination, assuming potential signal transmission, but without real transmission and performance verification on these carriers. 
For SA case a similar situation is observed and the only difference in comparison to NSA is that for NR CA between FR1 and FR2, FR1 CC can be configured as PCell and used for transmission of control information. However, configuration of FR1 or FR2 CC as PCell does not affect SDR verification on FR2 CCs. 
Taking into account above observations, for UEs, which support CA/EN-DC including FR2 and CA/EN-DC including FR1 and FR2, we suggest to apply only SDR requirements for scenarios including FR2, because for these scenarios SDR methodology is less complex than for scenarios including FR1 and FR2.
Proposal #2:
Apply only SDR requirements for scenarios including FR2 for UEs, which support CA/EN-DC including FR2 and CA/EN-DC including FR1 and FR2

3 Conclusion

In this paper we provided our view on methodology for NR SDR testing. In summary we make the following proposals:
Proposal #1:
Define SDR methodology for NR CA scenarios between FR1 and FR2 NR carriers similar to EN-DC scenarios including FR1 and FR2 NR carriers:

· Step 1: Calculate data rate (DataRateFR2) for FR2 NT CCs for all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities:
· Step 1-1: Select MCSupperbound which allows to achieve the largest data rate [TS 38.306, Section 4.1.2] based on UE capabilities. 
· Step 1-2: Identify testable SNR value for particular test configuration based on test equipment characteristics 
· Step 1-3: Use “SNR to MCS+Rank” table to find MCSpractical for each FR2 CC in EN-DC bandwidth combination
· Step 1-4: Calculate data rate using the MCS = min(MCSupperbound, MCSpractical) for each FR2 CC in EN-DC bandwidth combination
· Step 2: Calculate data rate (DataRateFR1) for NR FR1 CCs for all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities using equation from [TS 38.306, Section 4.1.2]

· Set of per NR FR1 CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306, Section 4.1.2].

· Step 3: Select one NR CA bandwidth combination among all supported NR CA configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest total data rate (DataRateFR1+ DataRateFR2)

· Step 4: For each NR FR2 CC in NR CA bandwidth combination, use MCSs from Step 1-4 for selected NR CA bandwidth combination. 
Proposal #2:
Apply only SDR requirements for scenarios including FR2 for UEs, which support CA/EN-DC including FR2 and CA/EN-DC including FR1 and FR2
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List of tests



		Test case		FR		SCS		Duplex mode		CBW		MIMO config.		Max rank		Max modulation order

		Case 9		FR2		60kHz		TDD		100MHz 		2x2MIMO		Rank2		64QAM

		Case 10		FR2		120kHz		TDD		100MHz		2x2MIMO		Rank2		64QAM





Summary

		Alignment results

		Rank		MCS		Intel				Qualcomm				MTK				docomo				Company 5				Company 6				Company 7				Company 8				SPAN				AVE

						SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120

		1		MCS13		3.5		3.6																														0.0		0.0		3.5		3.6

		1		MCS14		4.5		4.5																														0.0		0.0		4.5		4.5

		1		MCS15		5.5		5.5																														0.0		0.0		5.5		5.5

		1		MCS16		6.1		6.1																														0.0		0.0		6.1		6.1

		1		MCS17		6.8		6.8																														0.0		0.0		6.8		6.8

		1		MCS18		7.3		7.3																														0.0		0.0		7.3		7.3

		1		MCS19		8.4		8.3																														0.0		0.0		8.4		8.3

		1		MCS20		9.3		9.3																														0.0		0.0		9.3		9.3

		1		MCS21		10.2		10.1																														0.0		0.0		10.2		10.1

		1		MCS22		11.4		11.4																														0.0		0.0		11.4		11.4

		1		MCS23		12.2		12.2																														0.0		0.0		12.2		12.2

		1		MCS24		13.4		13.4																														0.0		0.0		13.4		13.4

		1		MCS25		14.8		14.8																														0.0		0.0		14.8		14.8

		1		MCS26		15.7		15.7																														0.0		0.0		15.7		15.7

		1		MCS27		16.8		16.8																														0.0		0.0		16.8		16.8

		2		MCS13		6.6		6.5																														0.0		0.0		6.6		6.5

		2		MCS14		7.5		7.4																														0.0		0.0		7.5		7.4

		2		MCS15		8.5		8.5																														0.0		0.0		8.5		8.5

		2		MCS16		9.1		9.1																														0.0		0.0		9.1		9.1

		2		MCS17		9.8		9.8																														0.0		0.0		9.8		9.8

		2		MCS18		10.3		10.3																														0.0		0.0		10.3		10.3

		2		MCS19		11.4		11.3																														0.0		0.0		11.4		11.3

		2		MCS20		12.3		12.3																														0.0		0.0		12.3		12.3

		2		MCS21		13.2		13.1																														0.0		0.0		13.2		13.1

		2		MCS22		14.4		14.4																														0.0		0.0		14.4		14.4

		2		MCS23		15.2		15.2																														0.0		0.0		15.2		15.2

		2		MCS24		16.5		16.4																														0.0		0.0		16.5		16.4

		2		MCS25		17.8		17.7																														0.0		0.0		17.8		17.7

		2		MCS26		18.7		18.7																														0.0		0.0		18.7		18.7

		2		MCS27		19.8		19.8																														0.0		0.0		19.8		19.8

		Impairment results

		Rank		MCS		Intel				Qualcomm				Company 3				docomo				Company 5				Company 6				Company 7				Company 8				SPAN				AVE				Margin		Req

						SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120		SCS 60		SCS 120

		1		MCS13		5.5		5.6																														0.0		0.0		5.5		5.6		0.5		6.1

		1		MCS14		6.5		6.5																														0.0		0.0		6.5		6.5		0.5		7.0

		1		MCS15		7.5		7.5																														0.0		0.0		7.5		7.5		0.5		8.0

		1		MCS16		8.2		8.1																														0.0		0.0		8.2		8.1		0.5		8.7

		1		MCS17		9.3		9.3																														0.0		0.0		9.3		9.3		0.8		10.1

		1		MCS18		9.9		9.8																														0.0		0.0		9.9		9.8		0.8		10.7

		1		MCS19		10.9		10.8																														0.0		0.0		10.9		10.8		0.8		11.7

		1		MCS20		11.9		11.8																														0.0		0.0		11.9		11.8		0.8		12.7

		1		MCS21		12.8		12.7																														0.0		0.0		12.8		12.7		0.8		13.6

		1		MCS22		14.0		14.0																														0.0		0.0		14.0		14.0		0.8		14.8

		1		MCS23		14.8		14.8																														0.0		0.0		14.8		14.8		0.8		15.6

		1		MCS24		16.1		16.0																														0.0		0.0		16.1		16.0		0.8		16.9

		1		MCS25		17.5		17.5																														0.0		0.0		17.5		17.5		0.8		18.3

		1		MCS26		18.5		18.5																														0.0		0.0		18.5		18.5		0.8		19.3

		1		MCS27		19.7		19.7																														0.0		0.0		19.7		19.7		0.8		20.5

		2		MCS13		8.6		8.5																														0.0		0.0		8.6		8.5		0.5		9.1

		2		MCS14		9.5		9.5																														0.0		0.0		9.5		9.5		0.5		10.0

		2		MCS15		10.5		10.5																														0.0		0.0		10.5		10.5		0.5		11.0

		2		MCS16		11.2		11.1																														0.0		0.0		11.2		11.1		0.5		11.7

		2		MCS17		12.4		12.3																														0.0		0.0		12.4		12.3		0.8		13.2

		2		MCS18		12.9		12.8																														0.0		0.0		12.9		12.8		0.8		13.7

		2		MCS19		13.9		13.9																														0.0		0.0		13.9		13.9		0.8		14.7

		2		MCS20		14.9		14.8																														0.0		0.0		14.9		14.8		0.8		15.7

		2		MCS21		15.8		15.7																														0.0		0.0		15.8		15.7		0.8		16.6

		2		MCS22		17.0		17.0																														0.0		0.0		17.0		17.0		0.8		17.8

		2		MCS23		17.8		17.8																														0.0		0.0		17.8		17.8		0.8		18.6

		2		MCS24		19.1		19.1																														0.0		0.0		19.1		19.1		0.8		19.9

		2		MCS25		20.5		20.4																														0.0		0.0		20.5		20.4		0.8		21.3

		2		MCS26		21.5		21.5																														0.0		0.0		21.5		21.5		0.8		22.3

		2		MCS27		22.7		22.7																														0.0		0.0		22.7		22.7		0.8		23.5










































































