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1.  Introduction
In last RAN4 #108bis meeting, general test scope, simulation assumptions for FR1 8Rx CA PDSCH requirements have some agreements in WF [1]. In this contribution, we share our simulation results on below agreements of FR1 8Rx CA PDSCH requirements. 
	Issue 2-2-2: CBW for PDSCH CA requirements
· Agreement
· Define the performance requirements for the following channel bandwidths for each SCS:
· FDD: 15kHz SCS: 5/10/15/20/25/30/35/40/45/50 MHz
· TDD: 30kHz SCS: 5/10/15/20/25/30/40/50/60/80/90/100 MHz
Issue 2-2-3: CA duplex model and SCS combination
· Agreement
· Consider the following duplex model and SCS combination for 8Rx CA
· FDD 15kHz + TDD 30kHz
· FDD 15kHz + FDD 15kHz
· TDD 30kHz + TDD 30kHz
Issue 1-1-2: Number of RX antenna ports for CA demodulation requirements
· Agreement
· Consider Hybrid Rx for 8Rx CA perf requirements, such as 2Rx+8Rx, 4Rx+8Rx
Issue 2-2-4: Rank
· Agreement
· Rank 8 for 8Rx+8Rx, Rank 2 for 2Rx+8Rx and 4Rx+8Rx
· Rank 8 + Rank 8 for 8Rx+8Rx for UE supporting Rank 8 for 8Rx 
· Rank 2 + Rank 2 for 4Rx+8Rx
· Rank 2 + Rank 2 for 2Rx+8Rx
Issue 2-2-5: HARQ-ACK configuration per PUCCH group
· Agreement
· Spatial bundling of PUCCH HARQ ACKs is disabled 
· Companies are encouraged to double check this simulation assumptions in the simulation configuration, if needed, updated simulation results are welcome to be submitted for next meeting.
SDR CA requirements
· Agreement
· Reuse the existing methodology of Re-15 SDR CA test
Issue 4-1-1: CA test for CQI reporting
· Agreement
· Not consider CQI reporting for CA.


2.  Test assumptions and simulation results
2.1 Test assumptions
According the simulation assumptions in the WF [1] as below. Other common parameters, refer to TS 38.101-4: Table 5.2-1: Common test parameters for PDSCH.
Table 1: Simulation assumptions for PDSCH performance
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD, FDD

	TDD pattern
	
	7D1S2U
S=6D:4G:4U

	SCS(kHz)/Bandwidth (MHz)
	
	TDD: 30/40
FDD: 15/10

	MIMO layer and Antenna configuration
	
	Rank 2: 2x8
Rank 8: 8x8

	Propagation condition and antenna correlation
	
	Rank 2: TDLC300-100 ULA Medium B ( = 0.3,  = 0.005154)
Rank 8: TDLA30-10 Low

	MCS
	
	Rank2: MCS19
Rank 8: MCS17

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	FDD: 12
TDD: specific to each Reference channel

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols (maxLength) for DL
	
	Rank2: Single-symbol
Rank 8: Double-symbol

	TRS configuration
	
	Symbol#{5, 9}

	PT-RS
	
	Not configured

	NZP-CSI-RS configuration
	
	Rank 8: row 6

	Overhead
	
	0

	N1 and N2 configurations for 8Tx cases
	
	Use (N1,N2) = (4,1), (O1, O2) = (4,1)

	Coodebook for PDCCH for PDSCH tests with 4Tx and 8Tx
	
	Keep same number of Tx for PDSCH and PDCCH during PDSCH test. Set “codebookMode” to 1

	Special slot (S slot) scheduling
	
	Not schedule PDSCH in special slot for 8 layers cases

	Number of HARQ Processes
	
	TDD: 8
FDD: 4

	HARQ ACK/NACK bundling
	
	Not configured 

	Maximum HARQ transmissions
	
	4

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

	PDSCH & PDSCH DMRS Precoding configuration
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	Tx EVM (Explicitly modeled in the simulation)
	
	64QAM:6%
256QAM:3%

	Test metric
	
	SNR@70% max TP



2.2 Simulation results
Below tables list our simulation results with impairments. 
Table 2: Single carrier performance for FDD 15 kHz SCS for CA configurations
	Bandwidth (MHz) 
	Reference channel
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5
	R.PDSCH.1-X.Y1 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	11.63

	10
	R.PDSCH.1-3.1 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	11.63

	15
	R.PDSCH.1-X.Y2 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	11.75

	20
	R.PDSCH.1-X.Y3 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	11.86

	25
	R.PDSCH.1-X.Y4 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.07

	30
	R.PDSCH.1-X.Y5 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.09

	35
	R.PDSCH.1-X.Y6 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.11

	40
	R.PDSCH.1-X.Y7 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.39

	45
	R.PDSCH.1-X.Y8 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.56

	50
	R.PDSCH.1-X.Y9 FDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.56



Table 3: Single carrier performance for TDD 30 kHz SCS for CA configurations
	Bandwidth (MHz) 
	Reference channel
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5
	R.PDSCH.2-X.Y1 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.31

	10
	R.PDSCH.2-X.Y2 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.31

	15
	R.PDSCH.2-X.Y3 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.44

	20
	R.PDSCH.2-X.Y4 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.45

	25
	R.PDSCH.2-X.Y5 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.51

	30
	R.PDSCH.2-X.Y6 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.62

	40
	R.PDSCH.2-3.1 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.67

	50
	R.PDSCH.2-X.Y7 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.82

	60
	R.PDSCH.2-X.Y8 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	12.93

	80
	R.PDSCH.2-X.Y9 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	13.10

	90
	R.PDSCH.2-X.Y10 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	13.21

	100
	R.PDSCH.2-X.Y11 TDD
	64QAM, 0.50
	TDLC300-100
	2x8, ULA Medium B
	70
	13.24



Table 4: Single carrier performance for FDD 15 kHz SCS for CA configurations
	Bandwidth (MHz) 
	Reference channel
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5
	R.PDSCH.1-Z.Y1 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.21

	10
	R.PDSCH.1-3.7 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.24

	15
	R.PDSCH.1-Z.Y2 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.37

	20
	R.PDSCH.1-Z.Y3 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.42

	25
	R.PDSCH.1-Z.Y4 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.59

	30
	R.PDSCH.1-Z.Y5 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.61

	35
	R.PDSCH.1-Z.Y6 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.78

	40
	R.PDSCH.1-Z.Y7 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.92

	45
	R.PDSCH.1-Z.Y8 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.98

	50
	R.PDSCH.1-Z.Y9 FDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	22.06



Table 5: Single carrier performance for TDD 30 kHz SCS for CA configurations
	Bandwidth (MHz) 
	Reference channel
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5
	R.PDSCH.2-Z.Y1 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.69

	10
	R.PDSCH.2-Z.Y2 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.69

	15
	R.PDSCH.2-Z.Y3 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.72

	20
	R.PDSCH.2-Z.Y4 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.77

	25
	R.PDSCH.2-Z.Y5 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.85

	30
	R.PDSCH.2-Z.Y6 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.83

	40
	R.PDSCH.2-3.7 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	20.85

	50
	R.PDSCH.2-Z.Y7 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.13

	60
	R.PDSCH.2-Z.Y8 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.36

	80
	R.PDSCH.2-Z.Y9 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.57

	90
	R.PDSCH.2-Z.Y10 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.61

	100
	R.PDSCH.2-Z.Y11 TDD
	64QAM, 0.43
	TDLA30-10
	8x8, ULA Low
	70
	21.62



Observation 1: The SNR differences between the minimum and maximum bandwidths are no more than 1dB for both rank 2 and rank 8 scenarios. 
3. Conclusion
In this contribution, we provide our simulation results for rank 2 and rank 8 cases for 8Rx CA scenarios, both FDD and TDD. And from the simulation results, we have below observation:
Observation 1: The SNR differences between the minimum and maximum bandwidths are no more than 1dB for both rank 2 and rank 8 scenarios. 
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