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1. Introduction
In this paper, we propose the parameters for single carrier NR PDSCH demodulation performance tests.
2. Common Test Parameters:

Here, we limit the number of HARQ processes to 4 because NR needs to handle larger bandwidths and will need larger soft buffers for HARQ combining. Redundancy version sequence {0,2,3,1} provides the best incremental redundancy HARQ performance.

Proposal 1: Use the following common test parameters for single carrier PDSCH demodulation performance tests.
	Parameters
	Value

	Number of HARQ processes per component carrier
	4

	Maximum number of HARQ transmission
	4

	Redundancy version coding sequence
	{0,2,3,1}

	Cyclic Prefix
	Normal

	Cell_ID
	0

	FD_RB_Interleaving
	Enabled

	Antenna Configuration
	1 Layer: 1x2, 2 Layer: 2x2, 4 Layer: 4x4


3. Test Parameters
We propose to test PDSCH performance on FR1 as much as possible and limit the number of performance tests on FR2.
We propose to TDM PDSCH with DMRS to achieve more processing gain in channel estimation in case of 1 layer. 
For FR1, MCS values have been chosen to cover QPSK, 16QAM and 64QAM for 1 layer; 16QAM and 64QAM for 2 and 4 layers.
For FR2, MCS values have been chosen to cover QPSK, 16QAM and 64QAM for 1 layer; 16QAM, and 64QAM for 2 layers.

We compute the Doppler spread for FR1 TDD as in Table 1. For FR1 FDD, we reuse the Doppler spreads used in LTE.
Table 1: Doppler parameters for FR1 TDD
	Parameter
	Value

	
	FR1 TDD

	Carrier Frequency (GHz)
	4
	4
	4

	UE Speed (Km/hr)
	3
	30
	120

	Doppler Spread (Hz)
	11
	111
	444


3.1. Minimum Demodulation Performance Tests for FR1 TDD

3.1.1. HARQ Timeline Parameters

Proposal 2: HARQ timeline parameters for FR1 TDD should be configured based on below UE capabilities:
	HARQ Timeline Parameter
	Value 

	K0: DL Grant to DL Tx
	0

	K1: DL Tx to DL ACK
	1

	K2: UL Grant to UL Tx
	1

	K3: DL NACK to DL re-tx grant
	3

	K4: UL Tx to UL re-tx grant
	3

	K5: SR to UL grant
	2

	DL HARQ Processes
	4

	SR Periodicity
	1 ms


3.1.2. Single-Antenna-Port Tests for FR1 TDD
We define the fixed reference channels (FRC) for single-antenna-port FR1 TDD as follows:
Table 2: Single Tx Fixed Reference Channels for FR1 TDD
	Parameter
	Value

	Reference channel
	R.1 DSDU
	R.2 DSDU
	R.3 DSDU

	SubCarrier Spacing (KHz)
	30
	30
	30

	MCS (Modulation, Target Coding Rate)
	5 (QPSK, 379/1024)
	13 (16QAM, 490/1024)
	24 (64QAM, 772/1024

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. PDSCH TDM’ed with DMRS: DMRS Port Config 3 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	DSDU pattern as mentioned in [1]

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.


Proposal 3: Use the tests in Table 3 for single-antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 TDD.
Table 3: Minimum demodulation performance test cases for single-antenna-port FR1 TDD

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	40 MHz
	R.1 DSDU
	444Hz
	TDL-C (300ns)
	1x2 Low
	70
	TBD

	2
	40 MHz
	R.2 DSDU
	111Hz
	TDL-B (100ns)
	1x2 Low
	70
	TBD

	3
	40 MHz
	R.3 DSDU
	11Hz
	TDL-A (30ns)
	1x2 Low
	70
	TBD


3.1.3. 2-Tx Antenna-Port Tests for FR1 TDD
We define the fixed reference channels (FRC) for two-antenna-port FR1 TDD as follows:
Table 4: 2-Tx Fixed Reference Channels for FR1 TDD

	Parameter
	Value

	Reference channel
	R.4 DSDU
	R.5 DSDU

	SubCarrier Spacing (KHz)
	30
	30

	MCS (Modulation, Target Coding Rate)
	13 (16QAM, 490/1024)
	19 (64QAM, 517/1024)

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. FDM’ed ports: DMRS Port Config 11 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	DSDU pattern as mentioned in [1]

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.


Proposal 4: Use the tests in Table 5 for 2-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 TDD.
Table 5: Minimum demodulation performance test cases for 2-Tx antenna-port FR1 TDD

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2
	40 MHz
	R.4 DSDU
	111Hz
	TDL-B (100ns)
	2x2 Low
	70
	TBD

	3
	40 MHz
	R.5 DSDU
	11Hz
	TDL-A (30ns)
	2x2 Low
	70
	TBD


3.1.4. 4-Tx Antenna-Port Tests for FR1 TDD
We define the fixed reference channels (FRC) for four-antenna-port FR1 TDD as follows:
Table 6: 4-Tx Fixed Reference Channels for FR1 TDD

	Parameter
	Value

	Reference channel
	R.6 DSDU
	R.7 DSDU

	SubCarrier Spacing (KHz)
	30
	30

	MCS (Modulation, Target Coding Rate)
	14 (16QAM, 553/1024)
	18 (64QAM, 466/1024)

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. DMRS Port Config 10 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	DSDU pattern as mentioned in [1]

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.


Proposal 5: Use the tests in Table 7 for 4-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 TDD.
Table 7: Minimum demodulation performance test cases for 4-Tx antenna-port FR1 TDD

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	40 MHz
	R.6 DSDU
	111Hz
	TDL-B (100ns)
	4x4 Low
	70
	TBD

	2
	40 MHz
	R.7 DSDU
	11Hz
	TDL-A (30ns)
	4x4 Low
	70
	TBD


3.2. Minimum Demodulation Performance Tests for FR1 FDD
3.2.1. Single-Antenna-Port Tests for FR1 FDD

We define the fixed reference channels (FRC) for single-antenna-port FR1 FDD as follows:

Table 8: Single Tx Fixed Reference Channels for FR1 FDD

	Parameter
	Value

	Reference channel
	R.1 FDD
	R.2 FDD
	R.3 FDD

	SubCarrier Spacing (KHz)
	15
	15
	15

	MCS (Modulation, Target Coding Rate)
	5 (QPSK, 379/1024)
	13 (16QAM, 490/1024)
	24 (64QAM, 772/1024

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. PDSCH TDM’ed with DMRS: DMRS Port Config 3 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	FDD with PDCCH on Symbol 0 and 1

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.


Proposal 6: Use the tests in Table 9 for single-antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 FDD.
Table 9: Minimum demodulation performance test cases for single-antenna-port FR1 FDD

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	20 MHz
	R.1 FDD
	70Hz
	ETU
	1x2 Low
	70
	TBD

	2
	20 MHz
	R.1 FDD
	300Hz
	TDL-C (300ns)
	1x2 Low
	70
	TBD

	3
	20 MHz
	R.2 FDD
	70Hz
	TDL-B (100ns)
	1x2 Low
	70
	TBD

	4
	20 MHz
	R.3 FDD
	5Hz
	TDL-A (30ns)
	1x2 Low
	70
	TBD


3.2.2. 2-Tx Antenna-Port Tests for FR1 FDD

We define the fixed reference channels (FRC) for two-antenna-port FR1 FDD as follows:

Table 10: 2-Tx Fixed Reference Channels for FR1 FDD

	Parameter
	Value

	Reference channel
	R.4 FDD
	R.5 FDD

	SubCarrier Spacing (KHz)
	15
	15

	MCS (Modulation, Target Coding Rate)
	13 (16QAM, 490/1024)
	19 (64QAM, 517/1024)

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. FDM’ed ports: DMRS Port Config 11 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	FDD with PDCCH on Symbol 0 and 1

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.


Proposal 7: Use the tests in Table 11 for 2-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 FDD.
Table 11: Minimum demodulation performance test cases for 2-Tx antenna-port FR1 FDD

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2
	20 MHz
	R.4 FDD
	70Hz
	TDL-B (100ns)
	2x2 Low
	70
	TBD

	3
	20 MHz
	R.5 FDD
	5Hz
	TDL-A (30ns)
	2x2 Low
	70
	TBD


3.2.3. 4-Tx Antenna-Port Tests for FR1 FDD

We define the fixed reference channels (FRC) for four-antenna-port FR1 FDD as follows:
Table 12: 4-Tx Fixed Reference Channels for FR1 FDD

	Parameter
	Value

	Reference channel
	R.6 FDD
	R.7 FDD

	SubCarrier Spacing (KHz)
	15
	15

	MCS (Modulation, Target Coding Rate)
	14 (16QAM, 553/1024)
	18 (64QAM, 466/1024)

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. DMRS Port Config 10 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	FDD with PDCCH on Symbol 0 and 1

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.


Proposal 8: Use the tests in Table 13 for 4-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 FDD.
Table 13: Minimum demodulation performance test cases for 4-Tx antenna-port FR1 FDD

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	20 MHz
	R.6 FDD
	70Hz
	TDL-B (100ns)
	4x4 Low
	70
	TBD

	2
	20 MHz
	R.7 FDD
	5Hz
	TDL-A (30ns)
	4x4 Low
	70
	TBD


3.3. Minimum Demodulation Performance Tests for FR2
3.3.1.  Single-Antenna-Port Tests for FR2
We define the fixed reference channels for single-antenna-port FR2 as follows:
Table 14: Single-Tx Fixed Reference Channels for FR2

	Parameter
	Value

	Reference channel
	R.9 DSDU
	R.10 DSDU
	R.11 DSDU

	SubCarrier Spacing (KHz)
	120
	120
	120

	MCS (Modulation, Target Coding Rate)
	5 (QPSK, 379/1024)
	13 (16QAM, 490/1024)
	19 (64QAM, 517/1024)

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	WB
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. PDSCH TDM’ed with DMRS: DMRS Port Config 3 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	DDDU pattern as mentioned in [1]

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.

	PTRS Configuration
	Time Density (L) = 1, Frequency Density (K) = 2

	Phase Noise Configuration
	TBD


Proposal 9: Use the tests in Table 15 for single-antenna-port NR PDSCH minimum demodulation performance on FRC for FR2.
Table 15: Minimum demodulation performance test cases for single-antenna-port FR2

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	100 MHz
	R.9 DSDU
	TBD
	TBD
	1x2 Low
	70
	TBD

	2
	100 MHz
	R.10 DSDU
	TBD
	TBD
	1x2 Low
	70
	TBD

	3
	100 MHz
	R.11 DSDU
	TBD
	TBD
	1x2 Low
	70
	TBD


3.3.2.  2-Tx Antenna-Port Tests for FR2

We define the fixed reference channels for two-antenna-port FR2 as follows:

Table 16: 2-Tx Fixed Reference Channels for FR2

	Parameter
	Value

	Reference channel
	R.12 DSDU
	R.13 DSDU

	SubCarrier Spacing (KHz)
	120
	120

	Modulation
	16QAM
	64QAM

	MCS (Modulation, Target Coding Rate)
	13 (16QAM, 490/1024)
	18 (64QAM, 466/1024)

	MCS Table in TS 38.214
	5.1.3.1-1

	PRB Bundling Size
	2
	WB

	DMRS Symbols
	Config Type-1: 1 Front-loaded and 1 additional symbol. FDM’ed ports: DMRS Port Config 11 in Table 7.3.1.2.2-1 in TS38.212.

	Frame Structure Pattern
	DDDU pattern as mentioned in [1]

	TRS Configuration
	X = 2 slots, Y = 20ms, B = BWP.

	PTRS Configuration
	Time Density (L) = 1, Frequency Density (K) = 2

	Phase Noise Configuration
	TBD


Proposal 10: Use the tests in Table 17 for 2-Tx-antenna-port NR PDSCH minimum demodulation performance on FRC for FR2.
Table 17: Minimum demodulation performance test cases for two-antenna-port FR2

	Test num.
	Band-width Part
	Reference channel
	Doppler Spread
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	100 MHz
	R.12 DSDU
	TBD
	TBD
	2x2 Low
	70
	TBD

	2
	100 MHz
	R.13 DSDU
	TBD
	TBD
	2x2 Low
	70
	TBD


4. Conclusions
This paper proposes minimum demodulation performance test plan for NR single-carrier PDSCH on FR1 and FR2. Following has been proposed:
Proposal 1: Use the following common test parameters for single carrier PDSCH demodulation performance tests.
	Parameters
	Value

	Number of HARQ processes per component carrier
	4

	Maximum number of HARQ transmission
	4

	Redundancy version coding sequence
	{0,2,3,1}

	Cyclic Prefix
	Normal

	Cell_ID
	0

	FD_RB_Interleaving
	Enabled

	Antenna Configuration
	1 Layer: 1x2, 2 Layer: 2x2, 4 Layer: 4x4


Proposal 2: HARQ timeline parameters for FR1 TDD should be configured based on below UE capabilities:
	HARQ Timeline Parameter
	Value 

	K0: DL Grant to DL Tx
	0

	K1: DL Tx to DL ACK
	1

	K2: UL Grant to UL Tx
	1

	K3: DL NACK to DL re-tx grant
	3

	K4: UL Tx to UL re-tx grant
	3

	K5: SR to UL grant
	2

	DL HARQ Processes
	4

	SR Periodicity
	1 ms


Proposal 3: Use the tests in Table 3 for single-antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 TDD.

Proposal 4: Use the tests in Table 5 for 2-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 TDD.

Proposal 5: Use the tests in Table 7 for 4-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 TDD.

Proposal 6: Use the tests in Table 9 for single-antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 FDD.

Proposal 7: Use the tests in Table 11 for 2-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 FDD.

Proposal 8: Use the tests in Table 13 for 4-Tx antenna-port NR PDSCH minimum demodulation performance on FRC for FR1 FDD.

Proposal 9: Use the tests in Table 15 for single-antenna-port NR PDSCH minimum demodulation performance on FRC for FR2.

Proposal 10: Use the tests in Table 17 for 2-Tx-antenna-port NR PDSCH minimum demodulation performance on FRC for FR2.
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