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Introduction
This paper presents Nokia’s simulation results based on the agreed configurations from the Rel.17 feasibility study on Application Throughput Layer requirement definition. The agreed detailed simulation assumptions can be seen below [1], [2]:
Table 1 Simulation Assumptions used in Rel.17 SI
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Frequency range
	
	FR1
	FR1
	FR2

	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
	0:2:20 
	0:2:20 
	0:2:16

	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 2

	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
	
	1
	1
	1

	Test metric
	
	T% of max throughput at target SNR.

	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).



In addition, the following were agreed [3]:
· Number of slots containing PDSCH grant
· Skip scheduling PDSCH grant on special slots and slots containing SSB, TRS, CSI-RS for CSI reporting.
· This results in number of allocated full DL slots within 20ms as: 14 for FR1 FDD, 22 for FR1 TDD and 58 for FR2 TDD.
· Processing Delay (Based on aperiodic CSI reporting)
· FR1 FDD: 6ms – 6slots
· FR1 TDD: 5.5ms – 11slots
· FR2 TDD: 1.375ms – 11slots

Simulation Results
The following sections present Nokia’s simulation results under the agreed simulation assumptions detailed above.  Each simulation test is characterized by its absolute physical layer throughput, block error rate (BLER), median rank indicator (RI) and median channel quality indicator (CQI). Simulation results show that Nokia is well aligned with other companies, as illustrated for some representative cases below.

Test 1 - FR1 FDD 

Table 1: ATP Link Adaptation results for Test 1 – FR1 FDD
	SNR (dB)
	2x2
	2x4

	
	Throughput (Mbps)
	BLER
	Median Rank
	Median CQI
	Throughput (Mbps)
	BLER
	Median Rank
	Median CQI

	0
	3.32
	0.13
	1
	3
	6.33
	0.12
	2
	3

	2
	4.47
	0.14
	1
	4
	8.01
	0.12
	2
	3

	4
	5.76
	0.16
	1
	5
	10.79
	0.17
	2
	4

	6
	7.68
	0.14
	1
	6
	13.90
	0.17
	2
	5

	8
	9.42
	0.13
	1
	7
	17.90
	0.13
	2
	6

	10
	11.29
	0.12
	1
	8
	21.69
	0.09
	2
	7

	12
	13.19
	0.13
	1
	9
	25.15
	0.11
	2
	8

	14
	16.26
	0.19
	2
	6
	28.42
	0.14
	2
	9

	16
	19.64
	0.18
	2
	7
	31.61
	0.03
	2
	9

	18
	21.89
	0.19
	2
	8
	35.83
	0.04
	2
	10

	20
	23.27
	0.24
	2
	9
	39.95
	0.05
	2
	11
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Figure 1: Throughput (Mbps) – FR1 FDD 2x4
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 Figure 2: BLER – FR1 FDD 2x4

Test 2 - FR1 TDD 
 Table 2: ATP Link Adaptation results for Test 2 – FR1 TDD
	SNR (dB)
	2x2
	2x4

	
	Throughput (Mbps)
	BLER
	Median Rank
	Median CQI
	Throughput (Mbps)
	BLER
	Median Rank
	Median CQI

	0
	9.45
	0.09
	1
	2
	20.3338
	0.11
	2
	3

	2
	13.65
	0.18
	1
	3
	26.7903
	0.13
	2
	3

	4
	19.24
	0.17
	1
	5
	35.351
	0.13
	2
	4

	6
	24.12
	0.17
	1
	6
	44.6172
	0.19
	2
	5

	8
	29.48
	0.13
	1
	7
	54.647
	0.18
	2
	6

	10
	35.88
	0.17
	1
	4
	65.1881
	0.11
	2
	7

	12
	42.66
	0.15
	2
	9
	76.8401
	0.14
	2
	8

	14
	50.43
	0.21
	2
	6
	89.4876
	0.19
	2
	8

	16
	58.84
	0.19
	2
	7
	100.6422
	0.19
	2
	9

	18
	67.98
	0.19
	2
	8
	113.4398
	0.03
	2
	10

	20
	75.92
	0.21
	2
	9
	122.4378
	0.11
	2
	11



Test 3 – FR2-1 TDD	
 Table 3: ATP Link Adaptation results for Test 3 – FR2-1 TDD
	SNR (dB)
	2x2

	
	Throughput (Mbps)
	BLER
	Median Rank
	Median CQI

	0
	15.40
	0.17
	1
	3

	2
	21.17
	0.18
	1
	3

	4
	27.99
	0.20
	1
	4

	6
	36.01
	0.23
	1
	5

	8
	45.15
	0.23
	1
	7

	10
	55.47
	0.18
	2
	4

	12
	67.54
	0.18
	2
	5

	14
	79.84
	0.21
	2
	6

	16
	94.11
	0.20
	2
	7
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Figure 3: Throughput (Mbps) – FR2 TDD 2x2
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Figure 4: BLER – FR2 TDD 2x2

[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s simulation results based on the agreed configuration from the discussion of feasibility to define requirements for Application Layer Throughput with link adaptation.
For our presented results, we see a good alignment with companies results provided in the Rel.17 SI.
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