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1	Introduction
In this paper, we present the simulations results for 8Rx PDSCH in FR1. Based on last meeting discussions [1], we carried out simulations for PDSCH considering the agreed parameters. It is worth reminding that FDD simulations have been caried out considering same propagations environments and MCS levels agreed for TDD mode.
2	PDSCH Simulation Results
[bookmark: _Hlk126593659]2.1 TDD Case: Remaining simulation results 

According to the WF [1], we summarize the general parameters in the following tables.
	Assumptions
	Value

	Duplex mode
	TDD

	Carrier Frequency [GHz]
	3.5 GHz

	Subcarrier Spacing [KHz]
	30 KHz

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA (30 ns delay spread) and TDLC (300 ns delay spread) 

	Antenna configuration
	2x8 ULA Medium B, 4x8 ULA Low, and 8x8 ULA Low

	Doppler spread
	10 Hz and 100 Hz

	PA Model
	None

	Pre-loaded Tx EVM
	6% (64QAM) and 3% (256QAM)

	I-Q Imbalance
	None

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 2, Rank 4 and Rank 8

	DMRS Configuration
	2+2 Type 1 DMRS symbols at (2,3,10,11) symbol indexes for Rank 8
1+1 Type 1 DMRS symbols at (2, 10) symbol indexes for Rank 2 and Rank 4

	MCS/TBS
	From MCS Table 1 (TS38.214): 64QAM.
From MCS Table 2 (TS38.214): 256QAM

	NOH
	0

	Number of HARQ Processes
	8

	Maximum HARQ transmissions
	4



	Parameter
	Value

	SCS (kHz)/Bandwidth (MHz)
	30/40

	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 for DL front loaded DMRS
	1 for Rank ≤ 4
2 for Rank > 4


Summary of test cases:
	Metric
	Purpose
	Test index

	70% of peak Throughput
	Verify the PDSCH mapping Type A normal performance under 8 receive antenna conditions, with different channel models, different MCSs but up to 8 MIMO layer (=< Rank 8).
	1-1,
2-1, 2-2,
3-1, 3-2,



In the sequel, we present the simulation results in terms of the normalized PDSCH throughput as function of the signal to noise ratio (SNR). Moreover, all figures have been provided in the Appendix. 
Test cases for Rank 8:
	Test num.
	fc 
(GHz)
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	3.5
	40 / 30
(106)
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	19.3

	MCS were 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 case 1-1



Observation 1: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 8 DL MIMO Layers in FR1 TDD using MCS17 under TDLA30-10 channel model. The ideal SNR value is at 19.3 dB while the proposed SNR requirement is at 22.1 dB which remains 2.3 dB below the maximum SNR level.

Test cases for Rank = 4:
	Test num.
	fc 
(GHz)
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	3.5
	40 / 30
(106)
	64QAM, 0.43
MCS 17
	4
	TDLA30-10
	4x8, ULA Low
	70
	8.77

	2-2
	3.5
	40 / 30
(106)
	64QAM, 0.85
MCS 26
	4
	TDLA30-10
	4x8, ULA Low
	70
	18.5

	MCS were 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 case 2-1 and Test case 2-2



Observation 2: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 4 DL MIMO Layers in FR1 TDD using MCS26 under TDLA30-10 channel model. The ideal SNR value is at 18.5 dB while the proposed SNR requirements is at 21.3 dB which remains 3.1 dB below the maximum SNR level. 

Test cases for Rank = 2:
	Test num.
	fc 
(GHz)
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
Note 1
	3.5
	40 / 30
(106)
	64QAM, 0.50
MCS 19
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	9.72

	3-2
Note 2
	3.5
	40 / 30
(106)
	256QAM, 0.67
MCS 20
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	18.5

	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 3: We can note that 8 Rx UE can support 2 DL MIMO Layers in FR1 TDD using MCS20 (256QAM) under TDLC300-100 with ULA Medium B propagation environment. The ideal SNR value is at 18.5 while the proposed SNR requirement is at 21.3 dB which remains 9.2 dB below the maximum SNR level.

2.2 FDD Case: Simulation results

For FDD duplex mode, we will use as general parameters:
	Assumptions
	Value

	Duplex mode
	FDD

	Carrier Frequency [GHz]
	2.6 GHz

	Subcarrier Spacing [KHz]
	15 KHz

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA (30 ns delay spread) and TDLC (300 ns delay spread) 

	Antenna configuration
	2x8 ULA Medium B, 4x8 ULA Low, and 8x8 ULA Low

	Doppler spread
	10 Hz and 100 Hz

	PA Model
	None

	Pre-loaded Tx EVM
	6% (64QAM) and 3% (256QAM)

	I-Q Imbalance
	None

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 2, Rank 4 and Rank 8

	DMRS Configuration
	2+2 Type 1 DMRS symbols at (2,3,10,11) symbol indexes for Rank 8
1+1 Type 1 DMRS symbols at (2, 10) symbol indexes for Rank 2 and Rank 4

	MCS/TBS
	From MCS Table 1 (TS38.214): 64QAM.
From MCS Table 2 (TS38.214): 256QAM

	NOH
	0

	Number of HARQ Processes
	4

	Maximum HARQ transmissions
	4



	Parameter
	Value

	SCS (kHz)/Bandwidth (MHz)
	15/10

	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 for DL front loaded DMRS
	1 for Rank ≤ 4
2 for Rank > 4


Summary of test cases:
	Metric
	Purpose
	Test index

	70% of peak Throughput
	Verify the PDSCH mapping Type A normal performance under 8 receive antenna conditions, with different channel models, different MCSs but up to 8 MIMO layer (=< Rank 8).
	1-1,
2-1, 2-2,
3-1, 3-2,



In the sequel, we present the simulation results in terms of the normalized PDSCH throughput as function of the signal to noise ratio (SNR). Moreover, all figures have been provided in the Appendix. 
Test cases for Rank 8:
	Test num.
	fc 
(GHz)
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	2.6
	10 / 15
(52)
	64QAM, 0.43
MCS 17
	8
	TDLA30-10
	8x8, ULA Low
	70
	18.86

	MCS were 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 case 1-1



Observation 4: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 8 DL MIMO Layers in FR1 FDD using MCS17 under TDLA30-10 channel model. The ideal SNR value is at 18.86 dB while the proposed SNR requirement is at 21.7 dB which remains 2.7 dB below the maximum SNR level.
Test cases for Rank = 4:
	Test num.
	fc 
(GHz)
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	2.6
	10 / 15
(52)
	64QAM, 0.43
MCS 17
	4
	TDLA30-10
	4x8, ULA Low
	70
	8.94

	2-2
	2.6
	10 / 15
(52)
	64QAM, 0.85
MCS 26
	4
	TDLA30-10
	4x8, ULA Low
	70
	17.86

	MCS were 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 case 2-1 and Test case 2-2



Observation 5: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 4 DL MIMO Layers in FR1 FDD using MCS26 under TDLA30-10 channel model. The ideal SNR value is at 17.86 dB while the proposed SNR requirements is at 20.7 dB which remains 3.7 dB below the maximum SNR level.

Test cases for Rank = 2:
	Test num.
	fc 
(GHz)
	Bandwidth (MHz) / Subcarrier spacing (kHz)/
(RB)
	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
Note 1
	2.6
	10 / 15
(52)
	64QAM, 0.50
MCS 19
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	9.52

	3-2
Note 2
	2.6
	10 / 15
(52)
	256QAM, 0.67
MCS 20
	2
	TDLC300-100
	2x8, ULA Medium B
	70
	17.95

	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 6: We can note that 8 Rx UE can support 2 DL MIMO Layers in FR1 FDD using MCS20 (256QAM) under TDLC300-100 with ULA Medium B propagation environment. The ideal SNR value is at 17.95 while the proposed SNR requirement is at 20.8 dB which remains 9.7 dB below the maximum SNR level.
3	Summary
In this paper, we provided the needed simulation results that should help in the definition of the PDSCH requirements. In the following, our observations that can be further discussed.
Observation 1: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 8 DL MIMO Layers in FR1 TDD using MCS17 under TDLA30-10 channel model. The ideal SNR value is at 19.3 dB while the proposed SNR requirement is at 22.1 dB which remains 2.3 dB below the maximum SNR level.

Observation 2: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 4 DL MIMO Layers in FR1 TDD using MCS26 under TDLA30-10 channel model. The ideal SNR value is at 18.5 dB while the proposed SNR requirements is at 21.3 dB which remains 3.1 dB below the maximum SNR level.

Observation 3: We can note that 8 Rx UE can support 2 DL MIMO Layers in FR1 TDD using MCS20 (256QAM) under TDLC300-100 with ULA Medium B propagation environment. The ideal SNR value is at 18.5 while the proposed SNR requirement is at 21.3 dB which remains 9.2 dB below the maximum SNR level.

Observation 4: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 8 DL MIMO Layers in FR1 FDD using MCS17 under TDLA30-10 channel model. The ideal SNR value is at 18.86 dB while the proposed SNR requirement is at 21.7 dB which remains 2.7 dB below the maximum SNR level.
Observation 5: Considering Tx EVM at 6%, we can note that 8 Rx UE can support 4 DL MIMO Layers in FR1 FDD using MCS26 under TDLA30-10 channel model. The ideal SNR value is at 17.86 dB while the proposed SNR requirements is at 20.7 dB which remains 3.7 dB below the maximum SNR level.

Observation 6: We can note that 8 Rx UE can support 2 DL MIMO Layers in FR1 FDD using MCS20 (256QAM) under TDLC300-100 with ULA Medium B propagation environment. The ideal SNR value is at 17.95 while the proposed SNR requirement is at 20.8 dB which remains 9.7 dB below the maximum SNR level.
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Appendix
[bookmark: _Hlk126614506]A.1 Table 5.1.3.1-1: MCS index table 1 for PDSCH (TS 38.214)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved





A.2 Table 5.1.3.1-2: MCS index table 2 for PDSCH (TS 38.214)
[bookmark: _Hlk124449279]Table 5.1.3.1-2: MCS index table 2 for PDSCH
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved


A.3 PDSCH Simulations
[image: ]
Fig. 1 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 8 with up to 64QAM, using TDD 40 MHz/30 kHz (106 RBs) and ULA Low under TDLA30-10 channels.

[image: ] [image: ]
        (a) MCS17 in TDLA30-10 ULA Low                   (b) Up to MCS26 (Table 1)
Fig. 2 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 4 with up to 64QAM, using TDD 40 MHz/30 kHz (106 RBs) and ULA Low under TDLA30-10 channels.
[image: ]
Fig. 3 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 2 with MCS19 (Table 1), using TDD 40 MHz/30 kHz (106 RBs) and ULA Medium B, under TDLC300-100 channel conditions.

[image: ]
Fig. 4 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 2 with MCS13 (64QAM Table 2) and MCS20 (256QAM Table 2), respectively, using 
TDD 40 MHz/30 kHz (106 RBs) and ULA Medium B, under TDLC300-100 channel conditions.
[image: ]
Fig. 5 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 2 with MCS19 (Table 1) and MCS20 (Table 2), using FDD 10 MHz/15 kHz (52 RBs) and ULA Medium B, under TDLC300-100 channel conditions.

[image: ]
Fig. 6 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 4 with MCS17 (Table 1) and MCS26 (Table 1), using FDD 10 MHz/15 kHz (52 RBs) and ULA Low, under TDLA30-10 channel conditions.

[image: ]
Fig. 7 - PDSCH simulation results depicting the PDSCH normalized throughput as function of SNR, considering Rank 8 with MCS17 (Table 1), using FDD 10 MHz/15 kHz (52 RBs) and ULA Low under TDLA30-10 channels.
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