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1 Introduction

In RAN #84 a new WI on Rel-16 NR demodulation requirements was approved [1]. The WI has the following objective for UE demodulation and CSI requirements:

	· NR CA PDSCH normal demodulation requirements for NR CA, EN-DC, NE-DC, NR-DC

· No additional LTE requirements will be introduced. 

· Requirements for the number of TX ports larger than 8 and up to 32

· Type of requirements: RAN4 should further decide if only PMI and/or CRI reporting needs to defined or both PMI and/or CRI reporting and PDSCH demodulation requirements are needed

· LTE-NR co-existence demodulation test cases for TDD mode


In this paper we provide view on test methodology and simulation assumptions for NR CA PDSCH normal demodulation requirements.
2 Discussion
General methodology

Original LTE Normal CA requirements were defined in Rel-10 for scenarios with 2 DL CCs (i.e. for scenarios which were supported in Rel-10). Later on the LTE CA requirements were extended several times to support scenarios with higher number of DL CCs and scenarios with 4 Rx bands. Requirements applicability and test rules were slightly different for different scenarios. However, the following parts of CA testing methodology are same for the requirements defined in different releases:

1) Minimum requirements reference points (i.e. SNR for 70% of max Throughput) are defined for each CBW value independently under assumption of single carrier transmission, assuming that level of interference from neighboring CCs on each other is minimal. Such approach allows avoiding requirements definition for each channel bandwidth combination. Also, we can observe that single carrier requirements are defined for all channel bandwidth supported in LTE (1.4 – 20 MHz), but, at current stage, there is no CA requirements with channel bandwidth combination containing bandwidth 1.4 and 3 MHz. Definition of requirements for all supported channel bandwidths allows to have test coverage for scenarios defined in future releases.
2) For selected CA configuration, UE can pass the requirements for one supported channel bandwidth combination (note: usually this is channel bandwidth combination with the maximum aggregated bandwidth) and should not be tested on all channel bandwidth combinations supported in this CA configuration. Such approach allows avoiding unnecessary testing, because if UE can pass the requirements for channel bandwidth combination with maximum aggregated bandwidth then it can pass the requirements for other channel bandwidth combinations.
For NR Normal CA requirements design we suggest to reuse the same principles which substantially simplify CA requirements definition and testing.
Proposal 1:
Define reference point values for minimum requirements assuming single carrier transmission for each supported channel bandwidth and subcarrier spacing combination.
Proposal 2:
Test UE only for one channel bandwidth combination with maximum aggregated bandwidth for selected CA configuration.
In addition to reference points for minimum requirements for CC with certain bandwidth, CA requirements in TS 36.101 contain list of channel bandwidth combinations used to test in scenarios with different number of CCs. At current stage NR already supports a lot of CA configurations with different number of CCs and maximum aggregated channel bandwidth. Table 1 shows the list of bands/CA configurations and maximum aggregated channel bandwidths specified in NR Rel-15.
Table 1. List of Rel-15 SA CA scenarios
	FR
	CA scenario
	NR CA configuration
	Number of CCs
	Maximum Aggregated CBW, MHz

	FR1 
	Intra-band contiguous CA
	CA_n41C (TDD)
	2 CCs
	180 (100+80)

	
	
	CA_n77/78/79C (TDD)
	2 CCs
	200 (100+100)

	
	
	CA_n77/78/79D (TDD)
	3 CCs
	300 (3x100)

	
	
	CA_n77/78/79E (TDD)
	4 CCs
	400 (4x100)

	
	Inter-band CA
	CA_n3A-n77/78/79A (FDD-TDD)
	2 CCs
	130 (30(FDD) + 100(TDD))

	
	
	CA_n8A-n75A, CA_n28A-n75A (FDD - SDL)
	2 CCs
	40 (20 + 20)

	
	
	CA_n8A-n78/79A, CA_n28A-n78A (FDD-TDD)

CA_n75A-n78A (SDL-TDD)
	2 CCs
	120 (20(FDD/SDL) + 100(TDD))

	
	
	CA_n41A-n78A, CA_n77A-n79A, CA_n78A-n79A (TDD - TDD)
	2 CCs
	200 (2x100)

	
	
	CA n76A-n78A (SDL-TDD)
	2 CCs
	105 (5(SDL) + 100(TDD))

	FR2
	Intra-band contiguous CA
	CA_n257B, CA_n260B, CA_n261B
	2 CCs
	800 (2x400)

	
	
	CA_n257D, CA_n260D, CA_n261D
	2 CCs
	400 (2x200)

	
	
	CA_n257E, CA_n260E, CA_n261E
	3 CCs
	600 (3x200)

	
	
	CA_n257F, CA_n260F, CA_n261F
	4 CCs
	800 (4x200)

	
	
	CA_n257G, CA_n260G/O, CA_n261G/O
	2 CCs
	200 (2x100)

	
	
	CA_n257H, CA_n260H/P, CA_n261H/P
	3 CCs
	300 (3x100)

	
	
	CA_n257I, CA_n260I/Q, CA_n261I/Q
	4 CCs
	400 (4x100)

	
	
	CA_n257J, CA_n260J, CA_n261J
	5 CCs
	500 (5x100)

	
	
	CA_n257K, CA_n260K, CA_n261K
	6 CCs
	600 (6x100)

	
	
	CA_n257L, CA_n260L, CA_n261L
	7 CCs
	700 (7x100)

	
	
	CA_n257M, CA_n260M, CA_n261M
	8 CCs
	800 (8x100)

	
	
	CA_n260C
	3 CCs
	1200 (3x400)

	
	
	CA_n261C
	3 CCs
	850 (2x400 + 50)

	
	Intra-band non-contiguous CA
	CA_n257(2A), CA_n260(2A), CA_n261(2A)
	2 CCs
	800 (2x400)

	
	
	CA_n260(3A)
	3 CCs
	1200 (3x400)

	
	
	CA_n260(4A)
	4 CCs
	1600 (4x400)

	
	
	CA_n261(3A)
	3 CCs
	700 (400+200+100)

	
	
	CA_n261(4A)
	4 CCs
	700 (400+3x100 or 3x200+100)

	
	
	CA_n260(A-I)
	5 CCs
	800 (400+4x100)

	
	
	CA_n260(D-G), CA_n260(D-O), CA_n261(D-G), CA_n261(D-O)
	4 CCs
	600 (2x200 + 2x100)

	
	
	CA_n260(D-H), CA_n260(D-P), CA_n261(D-H), CA_n261(D-P)
	5 CCs
	700 (2x200 + 3x100)

	
	
	CA_n260(D-I), CA_n260(D-Q), CA_n261(D-I), CA_n261(D-Q)
	6 CCs
	800 (2x200 + 4x100)

	
	
	CA_n260(E-O), CA_n261(E-O)
	5 CCs
	800 (3x200 + 2x100)

	
	
	CA_n260(E-P), CA_n261(E-P)
	6 CCs
	800 (3x200 + 2x50 + 100)

	
	
	CA_n260(E-Q), CA_n261(E-Q)
	7 CCs
	1000 (3x200 + 4x100)

	
	
	CA_n260(G-I)
	6 CCs
	600 (6x100)


From this table we can observe that first release of NR already has rather long list of supported CBW combinations, which will be extended in future releases. Therefore, we think that for NR Normal CA requirements we can omit listing of channel bandwidth combinations for testing, to avoid modification/extension of CA requirements in each release once new CA configuration with new channel bandwidth combination is introduced, and provide references to the sections with CA configurations in TS 38.101-1/2.
Proposal 3:
Do not list in TS 38.101-4 all tested channel bandwidth combinations for NR Normal CA requirements and provide references to the sections with CA configurations in TS 38.101-1/2.
Requirements applicability and test rules

In LTE CA requirements, different test rules are defined for 2 Rx and 4 Rx UEs. For example, CA combination with the largest aggregated bandwidth is selected for testing of 2 RX UE in scenarios with 3 DL CCs and more. Same time, methodology for selection of tested FDD CA configuration for 4 Rx capable UE contains the following steps:
1) Select FDD CA configurations with the maximum number of CCs excluding the 2Rx only CA configuration among all supported FDD CA configurations with any CA capability

2) Select FDD CA configurations with maximum number of 4Rx CCs among all the selected FDD CA configurations from Step 1

3) Select any one of the FDD CA configuration with the largest aggregated CA bandwidth combination among all the selected FDD CA configurations from Step 2

For NR we suggest to define unified approach for selection of tested CA configuration which will be applicable for different scenarios and takes into account flexible UE capability signalling for maximum number of MIMO layers, maximum modulation format etc.
LTE CA requirements are defined in application to UE with different CA capabilities. For example, the following CA capabilities are considered for scenarios with 3 CCs: intra-band contiguous CA, inter-band CA (two bands), Inter-band CA (three bands) and Intra-band non-contiguous CA (with two sub-blocks). TM1 tests are executed for any one of these CA capabilities, but TM3 tests are executed for each supported CA capabilities. In NR, UE also can support multiple CA scenarios. Therefore, further discussion is needed on test rules in case UE support inter band and intra band CA operation.
Proposal 4:
Further study the following aspects of NR Normal CA requirements applicability and test rules: methodology for selection of tested CA configuration and how to handle cases with simultaneous support of different CA scenarios (i.e. inter band and intra band).
Simulation assumptions
Simulation assumptions used for single carrier requirements can be considered as one of potential option for NR Normal CA requirements. 
Single carrier NR FR1 requirements are defined for scenarios with different PDSCH mapping type and different CSI-RS configurations. We think that for Normal CA requirements more typical settings should be considered. Therefore, for NR Normal CA FR1 requirements we suggest to use simulation assumptions from Sections 5.2.2.1.1/5.2.3.1.1 for FDD mode and 5.2.2.2.1/5.2.3.2.1 for TDD mode:
· SSB: Periodicity 20 ms, Allocated in first slot within 20ms

· PDSCH mapping: 
· Type A, Start symbol 2, Duration 12 (for full DL slots)
· No PDSCH in slots with SSB

· FDM between PDSCH and DMRS

· DMRS: Type 1, 1 additional DMRS, Single symbol

· TRS: 20 ms periodicity, 2 slots, Offset 10 ms

· TDD UL/DL pattern:

· 15 kHz: DDDSU with S=10D+2G+2U
· 30 kHz: 7DS2U with S=6D+4G+4U
Single carrier NR FR2 requirements are defined under rather same settings in terms of PDSCH mapping and Reference Signals configurations. For NR Normal CA FR2 requirements we suggest to use the following simulation assumptions from 7.2.2.2.1
· SSB: Periodicity 20 ms, Allocated in first slot within 20ms

· PDSCH mapping: 
· Type A, Start symbol 1, Duration 13 (for full DL slots)

· No PDSCH in slots with SSB

· FDM between PDSCH and DMRS

· DMRS: Type 1, 1 additional DMRS, Single symbol

· PTRS: Frequency density = 2, Time density = 1

· TRS: 20 ms periodicity, 2 slots, Offset 10 ms

· TDD UL/DL pattern:

· 60 kHz: DDSU with S=11D+3G+0U
· 120 kHz: DDDSU with S=10D+2G+2U
In LTE Normal CA requirements, single FRC is used for different channel bandwidth values. For NR Normal CA requirements, we also suggest to use single FRC for different CBW/SCS combinations to simplify requirements definition. Taking into account that NR UE sends capability information on maximum supported number of MIMO layers, which can be 1, 2 or 4, we suggest to use Rank 1 transmission to cover all scenarios. As for MCS, we think that MCS 13 (16QAM, CR 1/2) should be sufficient for NR Normal CA requirements.
LTE Normal CA requirements are defined under fading propagation conditions (EVA5). At current stage, the following channel models are used for FR1 requirements: TDLA30-10, TDLC300-100 and TDLB100-400, and the following channel models are used for FR2 requirements: TDLA30-75, TDLA30- 300 and TDLC60-300. Similar to LTE, we suggest to define NR Normal CA requirements for scenario with low Doppler frequency: TDLA30-10 for FR1 and TDLA30-75 for FR2.
As for testing point, most of NR Rel-15 Single carrier PDSCH requirements (except specific test for HARQ soft combining verification) use SNR for 70% of maximum throughput. Therefore, we think that same testing point should be considered for Normal CA requirements.
Proposal 5:
Use the following simulation assumptions for definition of NR Normal CA requirements

	
	FR1
	FR2

	SSB configuration
	Periodicity 20 ms, Allocated in first slot within 20ms

	PDSCH configuration
	Type A, Start symbol 2, 
Duration 12 (for full DL slots)
	Type A, Start symbol 1, 
Duration 13 (for full DL slots)

	DMRS configuration
	Type 1, 1 additional DMRS, Single symbol

	PTRS configuration 
	N/A
	Frequency density 2, Time density 1

	TRS configuration 
	20 ms periodicity, 2 slots, Offset 10 ms

	TDD UL/Dl patterns
	15 kHz: DDDSU with S=10D+2G+2U

30 kHz: 7DS2U with S=6D+4G+4U
	60 kHz: DDSU with S=11D+3G+0U

120 kHz: DDDSU with S=10D+2G+2U

	FRC
	Rank 1, MCS 13 (16QAM, CR 1/2)

	Channel model
	TDL-A, 30ns, 10Hz
	TDL-A, 30ns, 75Hz

	Test point
	SNR for 70% of Maximum throughput


3 Conclusion

In this paper we provided view on test methodology and simulation assumptions for NR CA PDSCH normal demodulation requirements and made the following proposals:
Proposal 1:
Define reference point values for minimum requirements assuming single carrier transmission for each supported channel bandwidth and subcarrier spacing combination.

Proposal 2:
Test UE only for one channel bandwidth combination with maximum aggregated bandwidth for selected CA configuration.

Proposal 3:
Do not list in TS 38.101-4 all tested channel bandwidth combinations for NR Normal CA requirements and provide references to the sections with CA configurations in TS 38.101-1/2.

Proposal 4:
Further study the following aspects of NR Normal CA requirements applicability and test rules: methodology for selection of tested CA configuration and how to handle cases with simultaneous support of different CA scenarios (i.e. inter band and intra band).
Proposal 5:
Use the following simulation assumptions for definition of NR Normal CA requirements

	
	FR1
	FR2

	SSB configuration
	Periodicity 20 ms, Allocated in first slot within 20ms

	PDSCH configuration
	Type A, Start symbol 2, 
Duration 12 (for full DL slots)
	Type A, Start symbol 1, 
Duration 13 (for full DL slots)

	DMRS configuration
	Type 1, 1 additional DMRS, Single symbol

	PTRS configuration 
	N/A
	Frequency density 2, Time density 1

	TRS configuration 
	20 ms periodicity, 2 slots, Offset 10 ms

	TDD UL/Dl patterns
	15 kHz: DDDSU with S=10D+2G+2U

30 kHz: 7DS2U with S=6D+4G+4U
	60 kHz: DDSU with S=11D+3G+0U

120 kHz: DDDSU with S=10D+2G+2U

	FRC
	Rank 1, MCS 13 (16QAM, CR 1/2)

	Channel model
	TDL-A, 30ns, 10Hz
	TDL-A, 30ns, 75Hz

	Test point
	SNR for 70% of Maximum throughput
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