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1	Introduction
[bookmark: _Hlk124521295]RAN4#106 agreed with the way forward on physical layer throughput requirements [1]. This contribution provides our updated simulation results according to the simulation assumption. 
2	Simulation results
2.1	Simulation parameters
Table 1 shows the simulation parameters. As we discussed in RAN4#106, we added options to enable HARQ retransmission during the tests.
[bookmark: _Ref114039243]Table 1	Simulation assumption for alignment (based on Table 5.10-3-1 in [2]).
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Frequency range
	
	FR1
	FR1
	FR2-1

	Bandwidth
	MHz
	10
	40
	100

	Subcarrier spacing
	kHz
	15
	30
	120

	Duplex Mode
	
	FDD
	TDD
	TDD

	TDD Slot Configuration
	
	N/A
	7D1S2U
S:6D+4G+4U
	DDSU
S:11D+3G+0U

	SNR
	dB
	0 to 20dB with 2dB step
	0 to 20dB with 2dB step
	0 to 16dB with 2dB step

	Propagation channel
	
	TDLA30-5

	TDLA30-5
	TDLA30-35

	Antenna configuration
	
	ULA Low 2x2,
ULA Low 2x4
	ULA Low 2x2,
ULA Low 2x4
	ULA Low 2x2

	Beamforming Model
	
	As defined in Annex B.4.1 in TS 38.101-4
	As defined in Annex B.4.1 in TS 38.101-4
	As defined in Annex B.4.1 in TS 38.101-4

	Receiver type
	
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	[bookmark: OLE_LINK34]PDSCH configuration
	Mapping type
	
	Type A
	Type A
	Type A

	
	Starting symbol (S)
	
	2
	2
	2

	
	Length (L)
	
	12
	12
	12

	
	PRB bundling size
	
	2
	2
	2

	
	PRB bundling type
	
	Static
	Static
	Static

	
	VRB-to-PRB mapping interleaver bundle size
	
	Non-interleaved
	Non-interleaved
	Non-interleaved

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1
	Type 1
	Type 1

	
	Number of additional DMRS
	
	1
	1
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1
	1
	1

	CSI measurement channels (Note 2)
	
	As specified in Table A.4-2 of TS 38.101-4:
Rank 1: TBS.2-1
Rank 2: TBS.2-2
	As specified in Table A.4-2 of TS 38.101-4:
Rank 1: TBS.2-3
Rank 2: TBS.2-4
	As specified in Table A.4-1 of TS 38.101-4:
Rank 1: TBS.1-1
Rank 2: TBS.1-2

	ZP CSI-RS configuration
	CSI-RS resource Type
	
	Periodic
	Periodic
	Periodic

	
	Number of CSI-RS ports (X)
	
	4
	4
	4

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5, (4)
	Row 5, (4)
	Row 5, (8)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	9
	9
	13

	
	CSI-RS
periodicity and offset
	slot
	5/1 
	10/1
	8/1

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic
	Periodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	2
	2
	2

	
	CDM Type
	
	FD-CDM2
	FD-CDM2
	FD-CDM2

	
	Density (ρ)
	
	1
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 3 (6)
	Row 3 (6)
	Row 3 (6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	13
	13
	13

	
	NZP CSI-RS-timeConfig
periodicity and offset
	slot
	5/1
	10/1 
	Not configured

	CSI-IM configuration
	CSI-IM resource Type
	
	Periodic
	Periodic
	Periodic

	
	CSI-IM RE pattern
	
	Pattern 0
	Pattern 0
	Pattern 1

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)
	(4,9)
	(8,13)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	5/1
	10/1
	Not configured

	ReportConfigType
	
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Aperiodic
	Aperiodic
	Aperiodic

	CQI-table
	
	Table 2
	Table 2
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	not configured
	not configured
	not configured

	timeRestrictionForInterferenceMeasurements
	
	not configured
	not configured
	not configured

	cqi-FormatIndicator
	
	Wideband
	Wideband
	Wideband

	pmi-FormatIndicator  
	
	Wideband
	Wideband
	Wideband

	Sub-band Size
	RB
	8 
	16
	8

	csi-ReportingBand
	
	1111111
	1111111
	111111111

	CSI-Report periodicity and offset
	slot
	Not configured
	Not configured
	Not configured

	Aperiodic Report Slot Offset
	
	5
	9
	7

	CSI request
	
	[bookmark: OLE_LINK59]1 in slots i, where mod(i, 5) = 0, otherwise it is equal to 0
	1 in slots i, where mod(i, 10) = 0, otherwise it is equal to 0
	[bookmark: OLE_LINK58][bookmark: OLE_LINK62][bookmark: OLE_LINK63]1 in slots i, where mod(i, 8) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1
	1
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel
	typeI-SinglePanel
	typeI-SinglePanel

	
	Codebook Mode
	
	1
	1
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	N/A
	N/A
	N/A

	
	CodebookSubsetRestriction
	
	Not configured
	Not configured
	Not configured

	
	RI Restriction
	
	N/A
	N/A
	N/A

	Physical channel for CSI report
	
	PUSCH
	PUSCH
	PUSCH

	CQI/RI/PMI delay
	ms
	6
	5.5
	1.375

	Maximum number of HARQ transmission (Note 4)
	
	Option 1: 1
Option 2: 4
	Option 1: 1
Option 2: 4
	Option 1: 1
Option 2: 4

	Note 1:	Other common test parameters are defined in Section 6.1.2 of 38.101-4 for Tests 1 and 2 and Section 8.1.2 of 38.101-4 for Test 3.
Note 2:	PDSCH is not scheduled on slots containing CSI-RS for CSI acquisition, CSI-RS for tracking and CSI-RS for beam refinement (for Test 3 only).
Note 3: 	The maximum throughput is defined as with TBS corresponding to CQI index 15 with rank 2.
Note 4:	For the maximum number of HARQ transmission with 4, configure RV {0,2,3,1} with same MCS and rank as initial transmission; for precoder, follow the latest UE reported PMI whose rank is same as the initial transmission.
Note 5:	TxEVM=6%. 



2.2	Simulation results (Maximum number of HARQ transmission is 1)
According to WF [1], we provide throughput vs. SNR, and statistics of BLER, median CQI and median RI. In this simulation results we have not enabled HARQ retransmission. 
2.2.1	FR1 FDD 15kHz
Table 2	Simulation result of FDD 15kHz with 2Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (64.54 Mbps)
	BLER
	Median CQI
	Median RI

	0
	4
	0.06
	0.09
	3
	1

	2
	5.8
	0.09
	0.09
	4
	1

	4
	7.6
	0.12
	0.11
	5
	1

	6
	9.6
	0.15
	0.11
	6
	1

	8
	11.7
	0.18
	0.12
	7
	1

	10
	14
	0.22
	0.13
	8
	1

	12
	16.7
	0.26
	0.13
	9
	1

	14
	19.5
	0.3
	0.13
	9
	1

	16
	22.7
	0.35
	0.13
	9
	2

	18
	25.7
	0.4
	0.13
	9
	2

	20
	28.1
	0.44
	0.17
	10
	2



Table 3	Simulation result of FDD 15kHz with 4Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (64.54 Mbps)
	BLER
	Median CQI
	Median RI

	0
	5.2
	0.08
	0.41
	5
	1

	2
	7.4
	0.11
	0.37
	5
	1

	4
	10.4
	0.16
	0.3
	5
	2

	6
	13.6
	0.21
	0.27
	6
	2

	8
	17.7
	0.27
	0.21
	7
	2

	10
	21
	0.33
	0.21
	8
	2

	12
	24.4
	0.38
	0.22
	9
	2

	14
	28.5
	0.44
	0.22
	10
	2

	16
	31.8
	0.49
	0.23
	10
	2

	18
	35.9
	0.56
	0.23
	12
	2

	20
	41
	0.64
	0.21
	13
	2



2.2.2	FR1 TDD 30kHz
Table 4	Simulation result of TDD 30kHz with 2Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (207.4336 Mbps)
	BLER
	Median CQI
	Median RI

	0
	11.3
	0.05
	0.12
	3
	1

	2
	16.2
	0.08
	0.12
	4
	1

	4
	21.4
	0.1
	0.16
	5
	1

	6
	27
	0.13
	0.17
	6
	1

	8
	33.1
	0.16
	0.18
	7
	1

	10
	40.2
	0.19
	0.17
	8
	1

	12
	44.5
	0.21
	0.22
	9
	1

	14
	49.4
	0.24
	0.26
	9
	1

	16
	61.6
	0.3
	0.21
	9
	2

	18
	70.5
	0.34
	0.22
	9
	2

	20
	75
	0.36
	0.27
	9
	2



Table 5	Simulation result of TDD 30kHz with 4Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (207.4336 Mbps)
	BLER
	Median CQI
	Median RI

	0
	20.9
	0.1
	0.19
	5
	1

	2
	27.1
	0.13
	0.19
	6
	1

	4
	38.1
	0.18
	0.11
	5
	2

	6
	48.1
	0.23
	0.12
	5
	2

	8
	59.7
	0.29
	0.11
	6
	2

	10
	74.7
	0.36
	0.05
	7
	2

	12
	88.3
	0.43
	0.06
	8
	2

	14
	99.4
	0.48
	0.09
	9
	2

	16
	112.2
	0.54
	0.1
	10
	2

	18
	116.6
	0.56
	0.17
	11
	2

	20
	128.3
	0.62
	0.19
	12
	2




2.2.3	FR2-1 TDD 120kHz
Table 6	Simulation result of TDD 120kHz with 2Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (243.5304 Mbps)
	BLER
	Median CQI
	Median RI

	0
	18.5
	0.08
	0.18
	5
	1

	2
	25.9
	0.11
	0.15
	7
	1

	4
	33.7
	0.14
	0.15
	8
	1

	6
	43.4
	0.18
	0.13
	9
	1

	8
	52.9
	0.22
	0.13
	10
	1

	10
	62
	0.25
	0.17
	11
	1

	12
	76.5
	0.31
	0.14
	12
	1

	14
	92.8
	0.38
	0.1
	10
	2

	16
	107.2
	0.44
	0.1
	10
	2



2.3	Simulation results (Maximum number of HARQ transmission is 4)
According to WF [1], we provide throughput vs. SNR, and statistics of BLER, median CQI and median RI. In this simulation results we have enabled HARQ retransmission.
2.2.1	FR1 FDD 15kHz
Table 2	Simulation result of FDD 15kHz with 2Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (64.54 Mbps)
	BLER
	Median CQI
	Median RI

	0
	4.2
	0.06
	0.07
	3
	1

	2
	6
	0.09
	0.08
	4
	1

	4
	8
	0.12
	0.07
	5
	1

	6
	10
	0.15
	0.08
	6
	1

	8
	12.4
	0.19
	0.08
	7
	1

	10
	14.8
	0.23
	0.09
	8
	1

	12
	17.5
	0.27
	0.09
	9
	1

	14
	20.4
	0.32
	0.09
	9
	1

	16
	23.5
	0.36
	0.1
	9
	2

	18
	27.2
	0.42
	0.09
	9
	2

	20
	30.1
	0.47
	0.12
	10
	2



Table 3	Simulation result of FDD 15kHz with 4Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (64.54 Mbps)
	BLER
	Median CQI
	Median RI

	0
	6.7
	0.1
	0.28
	5
	1

	2
	9.3
	0.14
	0.22
	5
	1

	4
	12.1
	0.19
	0.2
	5
	2

	6
	15.6
	0.24
	0.17
	6
	2

	8
	19.4
	0.3
	0.14
	7
	2

	10
	23.1
	0.36
	0.14
	8
	2

	12
	27.2
	0.42
	0.14
	9
	2

	14
	31.4
	0.49
	0.15
	10
	2

	16
	35.4
	0.55
	0.15
	10
	2

	18
	39.9
	0.62
	0.16
	12
	2

	20
	45.6
	0.71
	0.13
	13
	2



2.2.2	FR1 TDD 30kHz
Table 4	Simulation result of TDD 30kHz with 2Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (207.4336 Mbps)
	BLER
	Median CQI
	Median RI

	0
	12.1
	0.06
	0.08
	3
	1

	2
	17.2
	0.08
	0.09
	4
	1

	4
	22.8
	0.11
	0.11
	5
	1

	6
	29.2
	0.14
	0.12
	6
	1

	8
	36.1
	0.17
	0.11
	7
	1

	10
	43.4
	0.21
	0.11
	8
	1

	12
	50
	0.24
	0.14
	9
	1

	14
	56.8
	0.27
	0.16
	9
	1

	16
	67.7
	0.33
	0.14
	9
	2

	18
	78.9
	0.38
	0.14
	9
	2

	20
	87.9
	0.42
	0.15
	9
	2



Table 5	Simulation result of TDD 30kHz with 4Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (207.4336 Mbps)
	BLER
	Median CQI
	Median RI

	0
	22.7
	0.11
	0.14
	5
	1

	2
	29.7
	0.14
	0.12
	6
	1

	4
	40.2
	0.19
	0.06
	4
	2

	6
	49.9
	0.24
	0.08
	5
	2

	8
	62.5
	0.3
	0.07
	6
	2

	10
	76.4
	0.37
	0.04
	7
	2

	12
	90.4
	0.44
	0.05
	8
	2

	14
	103.6
	0.5
	0.06
	9
	2

	16
	117
	0.56
	0.07
	10
	2

	18
	126.7
	0.61
	0.11
	11
	2

	20
	141.7
	0.68
	0.11
	12
	2




2.2.3	FR2-1 TDD 120kHz
Table 6	Simulation result of TDD 120kHz with 2Rx
	SNR
	Absolute throughput (Mbps)
	Relative to the maximum throughput (243.5304 Mbps)
	BLER
	Median CQI
	Median RI

	0
	19.9
	0.08
	0.13
	5
	1

	2
	27.6
	0.11
	0.11
	7
	1

	4
	35.9
	0.15
	0.12
	8
	1

	6
	44.6
	0.18
	0.12
	9
	1

	8
	55.5
	0.23
	0.1
	10
	1

	10
	66.2
	0.27
	0.12
	11
	1

	12
	80.1
	0.33
	0.1
	12
	1

	14
	96.5
	0.4
	0.07
	10
	2

	16
	111
	0.46
	0.08
	10
	2
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Appendix
A.1	Mapping of CQI Index to Information Bit payload
A.1.1	CQI Table 1 (64QAM) (TS38.101-4 Table A.4-1)
	TBS Scheme
	TBS.1-1
	TBS.1-2

	MCS table
	64QAM

	Number of allocated PDSCH resource blocks
	66
	66

	Number of consecutive PDSCH symbols
	12
	12

	Number of PDSCH MIMO layers
	1
	2

	Number of DMRS REs (Note 1)
	24
	24

	Overhead for TBS determination
	6
	6

	Available RE-s
	7590
	7590

	CQI index
	Spectral efficiency
	MCS index
	Modulation
	Information Bit Payload per Slot

	0
	OOR
	OOR
	OOR
	N/A
	N/A

	1
	0.2344
	0
	QPSK
	1800
	3624

	2
	0.2344
	0
	
	1800
	3624

	3
	0.3770
	2
	
	2856
	5640

	4
	0.6016
	4
	
	4480
	8968

	5
	0.8770
	6
	
	6528
	13064

	6
	1.1758
	8
	
	8712
	17928

	7
	1.4766
	11
	16QAM
	11016
	22032

	8
	1.9141
	13
	
	14344
	28680

	9
	2.4063
	15
	
	17928
	35856

	10
	2.7305
	18
	64QAM
	20496
	40976

	11
	3.3223
	20
	
	25104
	50184

	12
	3.9023
	22
	
	29192
	58384

	13
	4.5234
	24
	
	33816
	67584

	14
	5.1152
	26
	
	38936
	77896

	15
	5.5547
	28
	
	42016
	83976

	Note 1:	Number of DMRS REs includes the overhead of the DM-RS CDM groups without data
Note 2:	PDSCH is not scheduled on slots containing CSI-RS for tracking, CSI-RS for CSI acquisition and CSI-RS for beam refinement or slots which are not full DL
Note 3:	PDSCH is not scheduled on slots containing PBCH, i.e. slot#0 per 20ms periodicity
Note 4:	Spectral efficiency is based on MCS Table defined in Table 5.1.3.1-1 of TS 38.214 [12]



A.1.2	CQI Table 2 (256QAM) (TS38.101-4 Table A.4-2)
	TBS Scheme
	TBS.2-1
	TBS.2-2
	TBS.2-3
	TBS.2-4

	MCS table
	256QAM

	Number of allocated PDSCH resource blocks
	52
	52
	106
	106

	Number of consecutive PDSCH symbols
	12
	12
	12
	12

	Number of PDSCH MIMO layers
	1
	2
	1
	2

	Number of DMRS REs (Note 1)
	24
	24
	24
	24

	Overhead for TBS determination
	0
	0
	0
	0

	Available RE-s for PDSCH
	6240
	6240
	12720
	12720

	CQI index
	Spectral efficiency
	MCS index
	Modulation
	Information Bit Payload per Slot

	0
	OOR
	OOR
	OOR
	N/A
	N/A
	N/A
	N/A

	1
	0.2344
	0
	QPSK
	1480
	2976
	2976
	5896

	2
	0.3770 
	1
	
	2408
	4744
	4744
	9480

	3
	0.8770 
	3
	
	5504
	11016
	11016
	22536

	4
	1.4766 
	5
	16QAM
	9224
	18432
	18960
	37896

	5
	1.9141 
	7
	
	12040
	24072
	24576
	49176

	6
	2.4063 
	9
	
	15112
	30216
	30728
	61480

	7
	2.7305 
	11
	64QAM
	16896
	33816
	34816
	69672

	8
	3.3223 
	13
	
	20496
	40976
	42016
	83976

	9
	3.9023 
	15
	
	24576
	49176
	49176
	98376

	10
	4.5234 
	17
	
	28168
	56368
	57376
	114776

	11
	5.1152 
	19
	
	31752
	63528
	65576
	131176

	12
	5.5547 
	21
	256QAM
	34816
	69672
	69672
	139376

	13
	6.2266
	23
	
	38936
	77896
	79896
	159880

	14
	6.9141
	25
	
	43032
	86040
	88064
	176208

	15
	7.4063 
	27
	
	46104
	92200
	94248
	188576

	Note 1:	Number of DMRS REs includes the overhead of the DM-RS CDM groups without data
Note 2:	PDSCH is not scheduled on slots containing CSI-RS for tracking, CSI-RS for CSI acquisition and CSI-RS for beam refinement or slots which are not full DL
Note 3:	PDSCH is not scheduled on slots containing PBCH, i.e. slot#0 per 20ms periodicity
Note 4:	Spectral efficiency is based on MCS Table defined in Table 5.1.3.1-2 of TS 38.214 [12]



A.2	Theoretical maximum throughput
A.2.1	FDD SCS=15kHz
Figure 1 illustrates the DL scheduling for physical layer throughput test for FDD SCS=15kHz. Since 14 of 20 slots are available every 20ms for PDSCH and the maximum TBS for TBS.2-2 is 92200 bits, the theoretical maximum physical layer throughput (over 20ms) is 64.54 Mbps.
[image: ]
[bookmark: _Ref122706118]Figure 1	DL scheduling for FDD SCS=15kHz

A.2.2	TDD SCS=30kHz (7D1S2U)
Figure 2 illustrates the UL/DL scheduling for physical layer throughput test for TDD SCS=30kHz with 7D1S2U. Since 22 of 40 slots are available every 20ms for PDSCH and the maximum TBS for TBS.2-4 is 188576 bits, the theoretical maximum physical layer throughput (over 20ms) is 207.4336 Mbps.

[image: ]
[bookmark: _Ref122706476]Figure 2	UL/DL scheduling for TDD SCS=30kHz with 7D1S2U.

A.2.3	TDD SCS=120kHz (2D1S1U)
Figure 3 illustrates the UL/DL scheduling for physical layer throughput test for TDD SCS=120kHz with 2D1S1U. Since 58 of 160 slots are available every 20ms for PDSCH and the maximum TBS for TBS.1-2 is 83976 bits, the theoretical maximum physical layer throughput (over 20ms) is 243.5304 Mbps.
[image: ]
[bookmark: _Ref122706576]Figure 3	UL/DL scheduling for TDD SCS=120kHz with 2D1S1U.
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90S U D D S U D CSI S U 12.5ms

100D D S U D CSI S U D D 13.75ms

110S U D CSI S U D D S U 15ms

120D CSI S U D D S U D CSI 16.25ms

130S U D D S U D CSI S U 17.5ms

140D D S U D CSI S U D D 18.75ms

150S U D CSI S U D D S U 20ms


image1.emf
slot 0 1 2 3 4 5 6 7 8 9 D PDSCH transmission

0SSB CSI D D D D CSI D D D 10ms SSB SSB transmission

10TRS T+C D D D D CSI D D D 20ms CSI CSI-RS transmission

TRS TRS transmission

T+C TRS and CSI-RS transmission


