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1	Introduction

Last meeting #107, further progress has been achieved for PDSCH in TDD duplex mode [1], summarized as follow. In this meeting, we extend our proposals for FDD mode and consider carrier aggregation for both modes TDD and FDD.
	[bookmark: _Hlk127266267]Issue 2-1: Propagation conditions and antenna correlation for Rank 2 test
· TDLC300-100 ULA Medium B
Issue 2-2: MCS for Rank 2 test
· Agree [MCS 20] (Table 2) for this meeting, if any issues are figured out for next meeting, MCS 19 (Table 1) will be selected 
Issue 2-3: MCS for Rank 4 test
· Agree [MCS 26] (Table 1) for this meeting, if any issues are figured out for next meeting, MCS 17 (Table 1) will be selected
Issue 2-4: MCS configuration for Rank 8 test
· MCS 17


2	PDSCH remaining issues

In this meeting, we go through the remaining issues that still need to be addressed for TDD. Furthermore, we are considering FDD with same propagation environment and MCS levels as agreed for TDD case.
[bookmark: _Hlk126593659]2.1 TDD duplex mode
In this section, we provide PDSCH demodulation requirements in TDD mode for Rank 2, Rank 4, and Rank 8. 

Observation 1: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 8 DL MIMO Layers in FR1 TDD using MCS17 (Table 1) under TDLA30-10 propagation environment, where an SNR of 22.1 dB is required to achieve 70% of the peat throughput when considering the impairments. This requirement remains 2.3 dB below the maximum SNR levels for conducted requirements.

[bookmark: _Hlk134473055]For 8 Rx UE, Proposal 1 is provided for PDSCH mapping Type A test cases with Rank 8.

Proposal 1: Consider PDSCH mapping Type A for 8 Rx UE and Rank 8 in FR1 TDD mode as follow
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)/
	

TDD UL-DL pattern
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	22.1

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM



For 8RX UE with Rank 4, the agreement has been to check PDSCH performance requirements considering two different MCS level for 64QAM (Table 1) given by MCS17 and MCS26. 

Observation 2: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 4 DL MIMO Layers in FR1 TDD using MCS26 (Table 1) under TDLA30-10 propagation environment, where an SNR of 21.3 dB is required to achieve 70% of the peat throughput. This requirement remains 3.1 dB below the maximum SNR levels for conducted requirements.

For 8 Rx UE in FR1 TDD mode, Proposal 2 is provided for PDSCH mapping Type A test cases with Rank 4.

Proposal 2: Consider PDSCH mapping Type A for 8 Rx UE and Rank 4 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

TDD UL-DL pattern
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.43
MCS 17
	4
	TDLA30-10
	4x8, ULA Low
	70
	11.6

	2-2
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.85
MCS 26
	4
	TDLA30-10
	4x8, ULA Low
	70
	21.3

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM




For Rank 2, the discussion still holds to check whether 256QAM can be achieved or not. To this end, WF [1] recommended to check the PDSCH demodulation requirements considering 64QAM MCS19 (Table 1) and 256QAM MCS20 (Table 2) where TDLC300-100 channel model with Medium B correlation. 
Our view is that 256QAM has been used in Table 5.2.3.2.1-3 [2] for 4 Rx UE with Rank 1. Consequently, we do believe, and based on our simulation results for 8 Rx UE, 256QAM can also be considered for Rank 2 in 2x8 ULA Medium B channels.

Observation 3: It is worth reminding that 256QAM has been used in Table 5.2.3.2.1-3 (TS 38.101-4) for 4 Rx UE with Rank 1. Consequently, and based on our simulation results in R4-2313309 [3], 256QAM can be considered for 8 RX UE with Rank 2 in 2x8 ULA Medium B channels. 

Observation 4: Considering 256QAM for 8 Rx UE with Rank 2, our simulation results in R4-2313309 [3] show that MCS20 (Table 2) can be achieved in TDLC300-100 ULA Medium B channel, where an SNR of 21.3 dB is required to achieve 70% of the peak throughput. This requirement remains 9.2 dB below the maximum SNR levels for conducted requirements.

For 8 Rx UE, Proposal 3 is provided as our strong preference (to keep both test cases) for PDSCH mapping Type A test cases with Rank 2.

Proposal 3: Consider PDSCH mapping Type A for 8 Rx UE and Rank 2 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

TDD UL-DL pattern
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
Note1
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.56
MCS 13
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	3-2
Note2
	40 / 30
(106)
	FR1.30-1
	256QAM, 0.67
MCS 20
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	Note 1: MCS was defined based on TS 38.101-4 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Note 2: MCS were defined based on TS 38.101-4 Table 5.1.3.1-2: MCS index table 2 for PDSCH (256QAM Table)
Use Tx EVM 6% for Test 3-1.
Use Tx EVM 3% for Test 3-2.



2.2 FDD duplex mode

In this section, we provide PDSCH demodulation requirements in FDD mode for Rank 2, Rank 4, and Rank 8. 

Observation 5: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 8 DL MIMO Layers in FR1 FDD using MCS17 (Table 1) under TDLA30-10 propagation environment, where an SNR of 21.7 dB is required to achieve 70% of the peat throughput when considering the impairments. This requirement remains 2.7 dB below the maximum SNR levels for conducted requirements.

For 8 Rx UE, Proposal 1 is provided for PDSCH mapping Type A test cases with Rank 8.

Proposal 4: Consider PDSCH mapping Type A for 8 Rx UE and Rank 8 in FR1 FDD mode as follow
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)/
	

Duplex Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	10 / 15
(52)
	FDD
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	21.7

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM



For 8RX UE with Rank 4, the agreement has been to check PDSCH performance requirements considering two different MCS level for 64QAM (Table 1) given by MCS17 and MCS26. 

Observation 6: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 4 DL MIMO Layers in FR1 FDD using MCS26 (Table 1) under TDLA30-10 propagation environment, where an SNR of 20.7 dB is required to achieve 70% of the peat throughput. This requirement remains 3.7 dB below the maximum SNR levels for conducted requirements.

For 8 Rx UE in FR1 FDD mode, Proposal 2 is provided for PDSCH mapping Type A test cases with Rank 4.

Proposal 5: Consider PDSCH mapping Type A for 8 Rx UE and Rank 4 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

Duplex 
Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	10 / 15
(52)
	FDD
	64QAM, 0.43
MCS 17
	4
	TDLA30-10
	4x8, ULA Low
	70
	11.7

	2-2
	10 / 15
(52)
	FDD
	64QAM, 0.85
MCS 26
	4
	TDLA30-10
	4x8, ULA Low
	70
	20.7

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM



For Rank 2, We keep same arguments as provided for TDD mode.

Observation 7: Considering 256QAM for 8 Rx UE with Rank 2, our simulation results in R4-2313309 [3] show that MCS20 (Table 2) can be achieved in TDLC300-100 ULA Medium B channel, where an SNR of 20.8 dB is required to achieve 70% of the peak throughput. This requirement remains 9.7 dB below the maximum SNR levels for conducted requirements.

For 8 Rx UE, Proposal 6 is provided as our strong preference (to keep both test cases) for PDSCH mapping Type A test cases with Rank 2.

Proposal 6: Consider PDSCH mapping Type A for 8 Rx UE and Rank 2 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

Duplex
Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
Note1
	10 / 15
(52)
	FDD
	64QAM, 0.56
MCS 13
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	3-2
Note2
	10 / 15
(52)
	FDD
	256QAM, 0.67
MCS 20
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	Note 1: MCS was defined based on TS 38.101-4 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Note 2: MCS were defined based on TS 38.101-4 Table 5.1.3.1-2: MCS index table 2 for PDSCH (256QAM Table)
Use Tx EVM 6% for Test 3-1.
Use Tx EVM 3% for Test 3-2.



3	PDSCH demodulation requirements for CA

RAN#100 has approved the revised WID RP-231490 that RAN4 will specify UE RF requirements for both single carrier and CA/DC for 8Rx, FFS the band combos and configurations to be defined. Our view is to consider same channel bandwidths as for TDD and FDD cases in CC. Furthermore, we believe that MCS17 (Table 1) is relevant when considering 8RX using 8 layers.

Proposal 7: Consider PDSCH demodulation requirements for CA with the following test cases.
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

Duplex
Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
Note1
	40 / 30
(106)
	TDD
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	TBD

	1-2
Note1
	10 / 15
(52)
	FDD
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	TBD

	Note 1: MCS was defined based on TS 38.101-4 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for Test 1-1 and Test 1-2.




4	Summary
In this paper we tried to contribute with the following proposals for further discussions:
Observation 1: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 8 DL MIMO Layers in FR1 TDD using MCS17 (Table 1) under TDLA30-10 propagation environment, where an SNR of 22.1 dB is required to achieve 70% of the peat throughput when considering the impairments. This requirement remains 2.3 dB below the maximum SNR levels for conducted requirements.

Proposal 1: Consider PDSCH mapping Type A for 8 Rx UE and Rank 8 in FR1 TDD mode as follow
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)/
	

TDD UL-DL pattern
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	22.1

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM



Observation 2: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 4 DL MIMO Layers in FR1 TDD using MCS26 (Table 1) under TDLA30-10 propagation environment, where an SNR of 21.3 dB is required to achieve 70% of the peat throughput. This requirement remains 3.1 dB below the maximum SNR levels for conducted requirements.

Proposal 2: Consider PDSCH mapping Type A for 8 Rx UE and Rank 4 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

TDD UL-DL pattern
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.43
MCS 17
	4
	TDLA30-10
	4x8, ULA Low
	70
	11.6

	2-2
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.85
MCS 26
	4
	TDLA30-10
	4x8, ULA Low
	70
	21.3

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM




Observation 3: It is worth reminding that 256QAM has been used in Table 5.2.3.2.1-3 (TS 38.101-4) for 4 Rx UE with Rank 1. Consequently, and based on our simulation results in R4-2313309 [3], 256QAM can be considered for 8 RX UE with Rank 2 in 2x8 ULA Medium B channels. 

Observation 4: Considering 256QAM for 8 Rx UE with Rank 2, our simulation results in R4-2313309 [3] show that MCS20 (Table 2) can be achieved in TDLC300-100 ULA Medium B channel, where an SNR of 21.3 dB is required to achieve 70% of the peak throughput. This requirement remains 9.2 dB below the maximum SNR levels for conducted requirements.

Proposal 3: Consider PDSCH mapping Type A for 8 Rx UE and Rank 2 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

TDD UL-DL pattern
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
Note1
	40 / 30
(106)
	FR1.30-1
	64QAM, 0.56
MCS 13
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	3-2
Note2
	40 / 30
(106)
	FR1.30-1
	256QAM, 0.67
MCS 20
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	Note 1: MCS was defined based on TS 38.101-4 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Note 2: MCS were defined based on TS 38.101-4 Table 5.1.3.1-2: MCS index table 2 for PDSCH (256QAM Table)
Use Tx EVM 6% for Test 3-1.
Use Tx EVM 3% for Test 3-2.



Observation 5: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 8 DL MIMO Layers in FR1 FDD using MCS17 (Table 1) under TDLA30-10 propagation environment, where an SNR of 21.7 dB is required to achieve 70% of the peat throughput when considering the impairments. This requirement remains 2.7 dB below the maximum SNR levels for conducted requirements.


Proposal 4: Consider PDSCH mapping Type A for 8 Rx UE and Rank 8 in FR1 FDD mode as follow
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)/
	

Duplex Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	10 / 15
(52)
	FDD
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	21.7

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM




Observation 6: Referring to our simulation results in R4-2313309 [3], we note that 8 Rx UE can support 4 DL MIMO Layers in FR1 FDD using MCS26 (Table 1) under TDLA30-10 propagation environment, where an SNR of 20.7 dB is required to achieve 70% of the peat throughput. This requirement remains 3.7 dB below the maximum SNR levels for conducted requirements.

Proposal 5: Consider PDSCH mapping Type A for 8 Rx UE and Rank 4 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

Duplex 
Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	10 / 15
(52)
	FDD
	64QAM, 0.43
MCS 17
	4
	TDLA30-10
	4x8, ULA Low
	70
	11.7

	2-2
	10 / 15
(52)
	FDD
	64QAM, 0.85
MCS 26
	4
	TDLA30-10
	4x8, ULA Low
	70
	20.7

	MCS were defined based on TS 38.214 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for 64QAM




Observation 7: Considering 256QAM for 8 Rx UE with Rank 2, our simulation results in R4-2313309 [3] show that MCS20 (Table 2) can be achieved in TDLC300-100 ULA Medium B channel, where an SNR of 20.8 dB is required to achieve 70% of the peak throughput. This requirement remains 9.7 dB below the maximum SNR levels for conducted requirements.

Proposal 6: Consider PDSCH mapping Type A for 8 Rx UE and Rank 2 with the following test cases and parameters
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

Duplex
Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
Note1
	10 / 15
(52)
	FDD
	64QAM, 0.56
MCS 13
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	3-2
Note2
	10 / 15
(52)
	FDD
	256QAM, 0.67
MCS 20
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	TBD

	Note 1: MCS was defined based on TS 38.101-4 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Note 2: MCS were defined based on TS 38.101-4 Table 5.1.3.1-2: MCS index table 2 for PDSCH (256QAM Table)
Use Tx EVM 6% for Test 3-1.
Use Tx EVM 3% for Test 3-2.



Proposal 7: Consider PDSCH demodulation requirements for CA with the following test cases.
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	

Duplex
Mode
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
Note1
	40 / 30
(106)
	TDD
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	TBD

	1-2
Note1
	10 / 15
(52)
	FDD
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	TBD

	Note 1: MCS was defined based on TS 38.101-4 Table 5.1.3.1-1: MCS index table 1 for PDSCH (64QAM Table)
Use Tx EVM 6% for Test 1-1 and Test 1-2.
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Appendix	Simulation assumption
A.1	PDSCH Simulation Parameters
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 4: 4x8
Rank 8: 8x8

	Propagation condition and antenna correlation
	
	Rank 2: TDLC300-100 ULA Medium B ( = 0.3,  = 0.005154)
Rank 4: TDLA30-10 Low
Rank 8: TDLA30-10 Low

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	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
	
	Rank2/4: 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
	
	Multiplexed

	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
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