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Introduction
For this meeting, contributions [1-21] contain discussion on the following items:
1. UE PDSCH processing procedure time (N1) and PUSCH preparation procedure time (N2) for Rel. 16 eURLLC  
2. CSI computation timing
3. Out-of-order HARQ and DL/UL scheduling
4. Uplink channel multiplexing timeline
5. Uplink cancellation timeline
6. SR enhancement for uplink latency reduction

In this summary, we highlight some discussion points, and provide some comments and recommendations for actions to follow during the 3GPP RAN1 AH-1901 meeting.
N1/N2 for Rel. 16 eURLLC
In NR Rel. 15 [22], two sets of PDSCH processing time capabilities are defined as follows:	
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the high layer parameter is not configured 

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24




Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1



Similarly, the NR Rel. 15 specification allows for two sets of PUSCH preparation time capabilities as follows:
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



To study whether a new timing capability for N1/N2 needs to be considered for NR eURLLC, the following agreement was reached in RAN1 #95:
Agreements:
· In order to evaluate the necessity to introduce a new N1/N2 timing capability in Rel. 16 eURLLC, the following aspects should be considered:
· Perform latency analysis to identify the set of scheduling configuration parameters for which the eURLLC latency requirement(s) can/cannot be satisfied under the NR Rel. 15 timing capabilities.
· To do this, the worst-case achievable latency should be considered.
· Perform system-level and/or link-level evaluations to investigate the gains brought by reducing N1/N2 and allowing for more (re-)transmissions within the eURLLC latency budget.
· For system-level evaluation, the performance metrics agreed for Rel. 16 eURLLC SI are applied.
· For link-level evaluation, at least the resource efficiency, i.e., the average number of REs used for completing the transmission of a TB, should be reported. The number of transmissions for successfully decoding a TB and the target BLER for each transmission should be reported.
· For both system-level and link-level evaluations, the simulation parameters agreed for Rel. 16 eURLLC SI are the baseline.
· For all aspects, the comparison reference point is Rel. 15 NR capability timing 2 for FR1 and Rel. 15 NR capability timing 1 for FR2.
· For all aspects, companies should report the assumed values for the following parameters:
· Alignment latency 
· The considered N1/N2 values
· SR periodicity in case the first PUSCH Tx is based on a dynamic grant
· SR reception to initial PUSCH grant processing time at the gNB
· PDCCH monitoring periodicity 
· The number of BDs/non-overlapping CCEs per monitoring occasion should be reported.
· For the purpose of this study, the possibility of enhancing the number of non-overlapping CCEs/BDs for NR eURLLC can be considered.
· Type-B time-domain allocation length for PDSCH/PUSCH channels 
· Time-domain allocation length for PDCCH, SR and PUCCH
· UE and gNB PDSCH/PUSCH decoding time
· The HARQ-ACK to reTx PDCCH  and PUSCH to reTx PDCCH processing time at the gNB 
· The maximum number of possible PUCCH transmissions carrying HARQ-ACK per slot
· Companies can report operation constraints (e.g., compact DCI, TB size, #RBs, #layers, #CCs, etc.) needed to enable reducing N1/N2.
· Note: If TDD is assumed, the DL/UL configurations should be reported.

The remainder of this section presents the companies’ views on whether introducing a new timing capability for Rel. 16 NR eURLLC is justified. Overall, 14 companies ([2], [3], [5], [6], [7], [8], [9], [11], [12], [13], [15], [16], [17] and [21]) shared their views on this topic. 

Considerations/Assumptions for Introducing a New Timing Capability
· R1-1900072 “ZTE” [3]:
· In [3], it is proposed to consider other parameters such as gNB processing time to prepare PDCCH and PDSCH and UE processing time to prepare PUSCH for grant-free in the analysis. It is further mentioned that assuming every symbol can be used for monitoring PDCCH is unrealistic. The more reasonable assumption is 7 PDCCH monitoring occasions per slot. 
· The worst-case PDSCH latency for FDD and TDD is given below (slot configuration for TDD is 7:1:6):

	
	15k worst case
	30k worst case
	60k worst case

	PDSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	FDD 
	one-shot 
	0.79
	1.07
	1.50
	0.46
	0.60
	0.81
	0.37
	0.44
	0.54

	
	two-shot 
	1.79
	2.21
	2.79
	1.03
	1.24
	1.49
	0.83
	0.94
	1.06

	TDD(7DL:1GP:6UL)
	one-shot 
	1.36
	1.64
	1.93
	0.74
	0.88
	1.03
	0.37
	0.58
	0.65

	
	two-shot 
	2.36
	2.79
	3.93
	1.31
	1.88
	2.03
	1.08
	1.33
	1.40



· The worst-case latency for grant-based PUSCH is given below:





	
	15k worst case
	30k worst case
	60k worst case

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	FDD 
	one-shot 
	1.25
	1.54
	1.96
	0.72
	0.87
	1.08
	0.58
	0.65
	0.65

	
	two-shot 
	2.25
	2.61
	3.46
	1.26
	1.47
	1.83
	1.03
	1.15
	1.28

	TDD(7DL:1GP:6UL)
	one-shot 
	1.96
	2.11
	
	1.01
	1.08
	
	0.79
	0.90
	

	
	two-shot 
	2.96
	3.18
	
	1.54
	2.08
	
	1.62
	1.65
	



· The worst-case latency for uplink with configured grant is given below:

	
	15k worst case
	30k worst case
	60k worst case

	PUSCH duration
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS
	2OS
	4OS
	7OS

	FDD 
	one-shot 
	0.75
	1.04
	1.46
	0.42
	0.56
	0.78
	0.35
	0.42
	0.58

	
	two-shot 
	1.75
	2.11
	2.68
	0.96
	1.17
	1.46
	0.79
	0.92
	1.10

	TDD(7DL:1GP:6UL)
	one-shot 
	1.32
	1.61
	
	0.71
	0.85
	
	0.49
	0.56
	

	
	two-shot 
	2.32
	2.68
	
	1.24
	1.85
	
	1.24
	1.31
	



· HARQ-based transmission has the best resource efficiency in most cases.

· R1-1901349 “Ericsson” [5]:
· In this paper, for latency comparison between Rel. 15 and the new capabilities, an FDD system with SCS = 15KHz and 30KHz is assumed. PDCCH monitoring occasion has the periodicity of 5 symbols (PDCCH is monitored at symbol 0, 5 and 10 of each slot.)
· The analytical comparison is given below:

· Capability #2 with PDCCH periodicity = 5 os
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1 transmission
	2.29
	1.43
	0.96
	0.82
	1.18
	0.75
	0.52
	0.45

	
	2 transmissions
	4.29
	2.79
	2.32
	1.82
	2.18
	1.75
	1.20
	1.13

	
	3 transmissions
	6.29
	4.43
	3.61
	2.82
	3.18
	2.75
	1.84
	1.77

	
	4 transmissions
	8.29
	5.79
	4.96
	3.82
	4.18
	3.75
	2.52
	2.45

	UL data (SR)
	1 transmission
	3.11
	1.89
	1.68
	1.39
	1.58
	1.04
	0.94
	0.79

	
	2 transmissions
	5.11
	3.18
	2.82
	2.39
	2.58
	1.83
	1.58
	1.29

	
	3 transmissions
	7.11
	4.61
	3.82
	3.39
	3.58
	2.58
	2.22
	1.79

	
	4 transmissions
	9.11
	5.89
	4.82
	4.39
	4.58
	3.33
	2.94
	2.29

	UL data (Configured grant)


	1 transmission
	2.29
	1.29
	1.07
	0.57
	1.18
	0.68
	0.57
	0.32

	
	2 transmissions
	4.29
	2.79
	2.21
	1.64
	2.18
	1.43
	1.32
	0.96

	
	3 transmissions
	6.29
	3.93
	3.21
	2.64
	3.18
	2.18
	1.93
	1.46

	
	4 transmissions
	8.29
	5.29
	4.21
	3.64
	4.18
	2.93
	2.57
	1.96



· Re-transmission is not possible within 1ms for any scenario except for ULGF with SCS = 30KHz and 2symb. PUSCH.
· If larger latency bounds are considered, e.g., 3ms, retransmission is possible even with SCS = 15KHz.
· Under the proposed N1 values for capability #3 and assuming PDCCH monitoring periodicity of 2symbol (achieved by improving the CCE/BD limit per slot), the latency values are given as:

· Capability #3 with PDCCH periodicity = 5 os. 
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1 transmission
	2.18
	1.32
	0.86
	0.71
	1.09
	0.66
	0.43
	0.36

	
	2 transmissions
	4.18
	2.68
	1.86
	1.71
	2.09
	1.34
	0.93
	0.86

	
	3 transmissions
	6.18
	4.32
	2.86
	2.71
	3.09
	2.16
	1.43
	1.36

	
	4 transmissions
	8.18
	5.68
	3.86
	3.71
	4.09
	2.84
	1.93
	1.86

	UL data (SR)
	1 transmission
	2.66
	1.88
	1.38
	1.23
	1.33
	0.94
	0.69
	0.62

	
	2 transmissions
	4.66
	2.88
	2.38
	1.88
	2.33
	1.44
	1.19
	0.94

	
	3 transmissions
	6.66
	3.88
	3.38
	2.52
	3.33
	1.94
	1.69
	1.26

	
	4 transmissions
	8.66
	4.73
	4.23
	3.09
	4.33
	2.37
	2.12
	1.54

	UL data (Configured grant)


	1 transmission
	2.18
	1.25
	0.75
	0.46
	1.09
	0.63
	0.38
	0.23

	
	2 transmissions
	4.18
	2.39
	1.75
	1.39
	2.09
	1.20
	0.88
	0.70

	
	3 transmissions
	6.18
	3.39
	2.75
	2.04
	3.09
	1.70
	1.38
	1.02

	
	4 transmissions
	8.18
	4.39
	3.75
	2.75
	4.09
	2.20
	1.88
	1.38


· 
· Capability #2 with PDCCH periodicity = 2 os. 
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1 transmission
	2.29
	1.36
	0.89
	0.61
	1.18
	0.71
	0.48
	0.34

	
	2 transmissions
	4.29
	2.64
	2.04
	1.61
	2.18
	1.43
	1.13
	0.91

	
	3 transmissions
	6.29
	4.36
	3.18
	2.61
	3.18
	2.21
	1.77
	1.48

	
	4 transmissions
	8.29
	5.64
	4.32
	3.61
	4.18
	2.93
	2.48
	2.05

	UL data (SR)
	1 transmission
	2.82
	1.89
	1.39
	1.11
	1.58
	1.04
	0.87
	0.72

	
	2 transmissions
	4.82
	3.04
	2.39
	1.96
	2.58
	1.76
	1.47
	1.26

	
	3 transmissions
	6.82
	4.18
	3.39
	2.82
	3.58
	2.54
	2.04
	1.76

	
	4 transmissions
	8.82
	5.32
	4.39
	3.68
	4.58
	3.26
	2.62
	2.26

	UL data (Configured grant)


	1 transmission
	2.29
	1.36
	0.86
	0.57
	1.18
	0.71
	0.46
	0.32

	
	2 transmissions
	4.29
	2.50
	1.86
	1.43
	2.18
	1.39
	1.11
	0.89

	
	3 transmissions
	6.29
	3.64
	2.86
	2.29
	3.18
	2.21
	1.71
	1.43

	
	4 transmissions
	8.29
	4.79
	3.86
	3.14
	4.18
	2.89
	2.29
	1.93


· 
· Capability #3 with PDCCH periodicity = 2 os. 
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1 transmission
	2.18
	1.25
	0.79
	0.50
	1.09
	0.63
	0.39
	0.25

	
	2 transmissions
	4.18
	2.39
	1.79
	1.36
	2.09
	1.20
	0.89
	0.68

	
	3 transmissions
	6.18
	3.54
	2.79
	2.36
	3.09
	1.77
	1.39
	1.18

	
	4 transmissions
	8.18
	4.68
	3.79
	3.21
	4.09
	2.34
	1.89
	1.61

	UL data (SR)
	1 transmission
	2.66
	1.73
	1.23
	0.95
	1.33
	0.87
	0.62
	0.47

	
	2 transmissions
	4.66
	2.73
	2.23
	1.66
	2.33
	1.37
	1.12
	0.83

	
	3 transmissions
	6.66
	3.73
	3.23
	2.38
	3.33
	1.87
	1.62
	1.19

	
	4 transmissions
	8.66
	4.73
	4.23
	3.09
	4.33
	2.37
	2.12
	1.54

	UL data (Configured grant)


	1 transmission
	2.18
	1.25
	0.75
	0.46
	1.09
	0.63
	0.38
	0.23

	
	2 transmissions
	4.18
	2.25
	1.75
	1.18
	2.09
	1.13
	0.88
	0.59

	
	3 transmissions
	6.18
	3.25
	2.75
	1.89
	3.09
	1.63
	1.38
	0.95

	
	4 transmissions
	8.18
	4.25
	3.75
	2.61
	4.09
	2.13
	1.88
	1.30



· This paper also consideres a TDD pattern of DUDU and evaluates the number of transmissions in 1ms under SCS = 120KHz. It is shown that under the new timing capability with N1 = 10 and N2 = 10, more transmissions can be completed within the latency budget of 1ms.

· R1-1900284 “OPPO” [7]:
· The analysis are done by considering the following parameters:
[image: ]
(a) DL transmission
[image: ]
(b) Configured grant transmission
[image: ]
(c) Grant based transmission

· Two scenarios are considered: Cell-center UE with shorter allocation and cell-edge UE with longer allocation. Only SCS=30KHz is considered. The baseline parameters are given by:
· 
	(Symbol)
	PUSCH duration
	PDCCH periodicity
	CORESET duration
	SR periodicity
	PUCCH duration
	UCI multiplexing window

	Cell edge
	4
	
	
	2
	2
	14

	Cell middle
	2
	4
	1
	2
	1
	14



· The further parameters for different case:
· Rel15 capability 2: Capability #2 with N1 = 4.5 and N2 = 5.5 are considered for UE and gNB.
· Flexible schedule only: Capability #2 with N1 = 4.5 and N2 = 5.5 are considered for UE and gNB. In addition, PDCCH periodicity is 2 symbols, UCI multiplexing window is 2 symbols and cross-slot PDSCH/PUSCH is assumed.
· Higher capability for UE and gNB : A higher capability with N1 = 2.5 and N2 = 3.5 are considered for UE and gNB.
· Higher capability for UE Only: A higher capability with N1 = 2.5 and N2 = 3.5 are considered for UE but Capability #2 with N1 = 4.5 and N2 = 5.5 are considered for gNB.
· The results are presented as follows:

Transmission number within 1ms for Cell Middle (Average)
	
	DL Tx
	Configured Grant
	UL grant based

	Rel15 capability 2
	1
	2
	1

	Flexible schedule only
	2
	2
	1

	Higher capability for UE and gNB
	2
	2
	2 

	Higher capability for UE Only
	1
	2
	1



Table 2 Transmission number within 1ms for Cell edge (Average)
	
	DL Tx
	Configured Grant
	UL grant based

	Rel15 capability 2
	1
	2
	1

	Flexible schedule only
	1
	2
	1

	Higher capability for UE and gNB
	1
	2
	1

	Higher capability for UE Only
	1
	2
	1



· R1-1901331 “CATT” [8]:
· The following N1 and N2 values are considered:
	
	Capability 2
	Capability 3
	Capability 4

	

	N1
	N2
	N1
	N2
	N1
	N2

	0
	3
	5
	2
	3.5
	1.5
	2.5

	1
	4.5
	5.5
	3
	4
	2.5
	3

	2
	9 (FR1)
	11 (FR1)
	6 (FR1)
	7.5 (FR1)
	4.5 (FR1)
	5.5 (FR1)


· For DL, the analysis are performed based on the following parameters:



· The results are given as follows for FDD:
	SCS
(kHz)
	PDSCH duration (OS)
	PDCCH monitoring occasions per slot
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	+3 HARQ ReTx
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	+2 HARQ ReTx (ms)
	+3 HARQ ReTx

	15
	14
	1
	2.29
	4.29
	6.29
	2.2
	4.2
	6.2
	8.2
	2.14
	4.14
	6.14
	8.14

	
	7
	2
	1.29
	2.79
	4.29
	1.2
	2.2
	3.2
	4.2
	1.14
	2.14
	3.14
	4.14

	
	4
	3
	1
	2
	3
	0.91
	1.91
	2.91
	3.91
	0.86
	1.86
	2.86
	3.86

	
	2
	3
	0.86
	1.86
	2.86
	0.77
	1.77
	2.77
	3.77
	0.71
	1.36
	2.07
	2.71

	
	
	7
	0.61
	1.46
	2.32
	0.52
	1.23
	1.95
	2.66
	0.46
	1.18
	1.89
	2.61

	30
	14
	1
	1.18
	2.18
	3.18
	1.13
	2.13
	3.13
	4.13
	1.1
	2.1
	3.1
	4.1

	
	7
	2
	0.68
	1.43
	2.18
	0.63
	1.38
	2.13
	2.88
	0.6
	1.1
	1.6
	2.1

	
	4
	3
	0.54
	1.21
	1.87
	0.48
	0.98
	1.48
	1.98
	0.46
	0.96
	1.46
	1.96

	
	2
	3
	0.46
	1.14
	1.79
	0.41
	0.91
	1.41
	1.91
	0.38
	0.88
	1.38
	1.88

	
	
	7
	0.34
	0.91
	1.48
	0.29
	0.71
	1.14
	1.57
	0.26
	0.62
	0.97
	1.33

	60
	14
	1
	0.68
	1.43
	2.18
	0.62
	1.37
	2.12
	2.87
	0.59
	1.09
	1.59
	2.09

	
	7
	2
	0.43
	0.93
	1.43
	0.37
	0.87
	1.37
	1.87
	0.34
	0.71
	1.09
	1.46

	
	4
	3
	0.36
	0.86
	1.36
	0.3
	0.71
	1.15
	1.55
	0.27
	0.6
	0.93
	1.27

	
	2
	3
	0.32
	0.82
	1.32
	0.26
	0.6
	0.92
	1.26
	0.23
	0.57
	0.89
	1.23

	
	
	7
	0.26
	0.69
	1.12
	0.2
	0.52
	0.84
	1.17
	0.17
	0.46
	0.74
	1.03










· The results are given as follows for TDD:
	SCS
(kHz)
	PDCCH monitoring occasions per slot
	PDSCH TTI (OS)
	UE capability 2
	UE capability 3
	UE capability 4

	
	
	
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)
	Initial Tx (ms)
	+1 HARQ ReTx (ms)

	30
	3
	4
	1.05
	2.05
	1
	2
	0.97
	1.97

	
	
	2
	1
	2
	0.95
	1.95
	0.92
	1.92

	
	6
	2
	0.91
	1.91
	0.86
	1.86
	0.83
	1.83

	60
	3
	4
	0.94
	1.94
	0.88
	1.88
	0.85
	1.85

	
	
	2
	0.88
	1.88
	0.82
	1.82
	0.79
	1.79

	
	7
	2
	0.83
	1.83
	0.77
	1.77
	0.74
	1.74


· Similarly, the latency values for dynamic UL in FDD for SCS = 15/30/60KHz and uplink with configured grant in TDD with SCS = 30/60KHz are presented.

· R1-1900373 “SONY” [9]:
· The gNB processing is given as : 
· Processing time for PUCCH  is 
· Processing time for PUSCH is 
· Other parameters for DL latency comparison are given as:
	Parameters
	Processing Capability 2
	New Processing Capability

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	N1 (symbols)
	3
	4.5
	9
	1.5
	2.5
	4.5

	N3 (symbols)
	3
	3
	6
	2
	2
	3

	PDCCH duration (symbols)
	1

	PDSCH duration (symbols)
	2, 7

	PUCCH duration (symbols)
	1


· The results are given in the following table:


	Subcarrier Spacing
	PDSCH Duration (symbols)
	Processing Capability 2
	New Processing Capability

	
	
	1st Tx
	2nd ReTx
	3rd ReTx
	4th ReTx
	1st Tx
	2nd ReTx
	3rd ReTx
	4th ReTx

	15 kHz
	2
	0.21
	0.93
	1.64
	2.36
	0.21
	0.79
	1.36
	1.93

	
	7
	0.93
	1.93
	2.93
	3.93
	0.93
	1.93
	2.93
	3.93

	30 kHz
	2
	0.11
	0.54
	0.96
	1.39
	0.11
	0.43
	0.75
	1.11

	
	7
	0.46
	1.04
	1.61
	2.18
	0.46
	0.96
	1.46
	1.96

	60 kHz
	2
	0.05
	0.39
	0.73
	1.07
	0.05
	0.27
	0.48
	0.70

	
	7
	0.23
	0.73
	1.23
	1.73
	0.23
	0.52
	0.80
	1.09



· R1-1900496 “Intel” [11]:
· This paper consideres both FDD and TDD with two modes: mode 1 is D/U/D/U/… and mode 2 has 7 DL symbols and 7 UL symbols.
· The considered N1/N2 values are given as follows:
· Improved processing times beyond Capability 2 in Rel-15
	DMRS for CE
	Processing time 
	15 KHz
	30 KHz
	60 KHz

	
	
	R15
	R16_a
	R16_b [2]
	R15
	R16_a
	R16_b
	R16_c [2]
	R15
	R16_a
	R16_b
	R16_c [2]

	Front-loaded DMRS only
	N1
	3
	2.5
	2.5
	4.5
	4
	3
	2.5
	9
	7
	6
	5

	Frequency First
	N2
	5
	3.5
	2.5
	5.5
	4
	3
	2.5
	11
	7
	6
	5



· The latency values for the FDD system and under R16_c timelines are given in the following tables (Similar analysis is performed for TDD in this paper):

UL user plane worst-case latency (CG PUSCH) for NR FDD with grant free transmission (msec)
	UL user plane latency (Grant free) – NR FDD
	UE capability 2
	UE capability 2
	UE capability 2

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol

	Resource mapping Type B
	M=2 (2OS)
	Initial TX
	0.2500
	0.2500
	0.2500
	0.3214
	0.3214
	0.3214
	0.5714
	0.5714
	0.5714

	
	
	1 reTX
	0.6786
	0.6786
	0.7143
	0.8214
	0.8929
	0.9643
	1.4286
	1.4286
	1.5714

	
	
	2reTX
	1.1071
	1.1071
	1.1429
	1.3214
	1.4643
	1.6071
	2.2857
	2.2857
	2.5714

	
	
	3reTX
	1.5357
	1.5357
	1.6071
	1.8214
	2.0357
	2.2500
	3.1429
	3.1429
	3.5714

	
	M=4 (4OS)
	Initial TX
	0.3750
	0.3750
	0.3750
	0.5714
	0.5714
	0.5714
	1.0714
	1.0714
	1.0714

	
	
	1 reTX
	0.8750
	0.8750
	0.8750
	1.2143
	1.2143
	1.3214
	2.0714
	2.0714
	2.0714

	
	
	2reTX
	1.3750
	1.3750
	1.3750
	1.8214
	1.8214
	2.0714
	3.0714
	3.0714
	3.0714

	
	
	3reTX
	1.8750
	1.8750
	1.8750
	2.5714
	2.5714
	2.8214
	4.0714
	4.0714
	4.0714

	
	M=7 (7OS)
	Initial TX
	0.4286
	0.4286
	0.4286
	0.6786
	0.6786
	0.6786
	1.2857
	1.2857
	1.2857

	
	
	1 reTX
	0.9286
	1.0536
	1.0536
	1.4286
	1.4286
	1.6786
	2.7857
	2.7857
	2.7857

	
	
	2reTX
	1.4286
	1.5536
	1.6786
	2.1786
	2.1786
	2.6786
	4.2857
	4.2857
	4.2857

	
	
	3reTX
	1.9286
	2.0536
	2.3036
	2.9286
	2.9286
	3.6786
	5.7857
	5.7857
	5.7857

	
	M=14 (14OS)
	Initial TX
	0.6786
	0.6786
	0.6786
	1.1786
	1.1786
	1.1786
	2.2857
	2.2857
	2.2857

	
	
	1 reTX
	1.4286
	1.4286
	1.4286
	2.1786
	2.1786
	2.6786
	4.2857
	4.2857
	4.2857

	
	
	2reTX
	2.1786
	2.1786
	2.1786
	3.1786
	3.1786
	4.1786
	6.2857
	6.2857
	6.2857

	
	
	3reTX
	2.9286
	2.9286
	2.9286
	4.1786
	4.1786
	5.6786
	8.2857
	8.2857
	8.2857

	# 0.5
	
	
	3
	3
	3
	1
	1
	1
	0
	0
	0

	# 1
	
	
	7
	6
	6
	4
	4
	4
	1
	1
	1

	# 2
	
	
	14
	13
	13
	10
	9
	8
	4
	4
	4

	# 3
	
	
	16
	16
	16
	14
	14
	13
	8
	8
	8



UL user plane latency (GB PUSCH) for NR FDD with grant-based transmission (msec) 
	UL user plane latency (Grant based) – NR FDD
	UE capability 2
	UE capability 2
	UE capability 2

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	PDCCH every symbol
	PDCCH every 2- symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol

	Resource mapping Type B
	M=2 (2OS)
	Initial TX
	0.6607
	0.6607
	0.6964
	0.7857
	0.8571
	0.8929
	1.3571
	1.3571
	1.5000

	
	
	1 reTX
	1.0714
	1.0893
	1.1250
	1.2857
	1.3929
	1.3929
	2.1429
	2.2143
	2.5000

	
	
	2reTX
	1.4821
	1.5179
	1.5893
	1.7857
	1.8929
	1.8929
	2.9286
	3.0714
	3.5000

	
	
	3reTX
	1.9107
	1.9464
	2.0179
	2.2857
	2.3929
	2.3929
	3.7143
	3.9286
	4.5000

	
	M=4 (4OS)
	Initial TX
	0.7321
	0.7321
	0.7321
	0.9286
	1.0000
	1.0714
	1.6429
	1.6429
	1.6429

	
	
	1 reTX
	1.2321
	1.2321
	1.2321
	1.5000
	1.6071
	1.7500
	2.6429
	2.6429
	2.6429

	
	
	2reTX
	1.7321
	1.7321
	1.7321
	2.0714
	2.1786
	2.3214
	3.6429
	3.6429
	3.6429

	
	
	3reTX
	2.2321
	2.2321
	2.2321
	2.6429
	2.7500
	3.0714
	4.6429
	4.6429
	4.6429

	
	M=7 (7OS)
	Initial TX
	0.8214
	0.8571
	0.8571
	1.1786
	1.1786
	1.1786
	2.0000
	2.1429
	2.1429

	
	
	1 reTX
	1.3214
	1.3571
	1.3929
	1.8571
	1.8929
	1.8929
	3.1429
	3.2857
	3.4286

	
	
	2reTX
	1.8214
	1.8571
	1.8929
	2.6786
	2.6786
	2.6786
	4.2857
	4.4286
	4.5714

	
	
	3reTX
	2.3214
	2.3571
	2.3929
	3.3571
	3.3929
	3.3929
	5.4286
	5.5714
	6.1429

	
	M=14 (14OS)
	Initial TX
	1.0893
	1.0893
	1.1250
	1.6429
	1.7143
	1.7857
	3.0714
	3.0714
	3.0714

	
	
	1 reTX
	1.8393
	1.8393
	1.8750
	2.6429
	2.7143
	3.2857
	5.0714
	5.0714
	5.0714

	
	
	2reTX
	2.5893
	2.5893
	2.6250
	3.6429
	3.7143
	4.7857
	7.0714
	7.0714
	7.0714

	
	
	3reTX
	3.3393
	3.3393
	3.3750
	4.6429
	4.7143
	6.2857
	9.0714
	9.0714
	9.0714

	# 0.5
	
	
	0
	0
	0
	0
	0
	0
	0
	0
	0

	# 1
	
	
	3
	3
	3
	2
	2
	1
	0
	0
	0

	# 2
	
	
	12
	12
	11
	8
	8
	8
	3
	2
	2

	# 3
	
	
	15
	15
	15
	13
	13
	11
	6
	5
	5



DL user plane latency for NR FDD (msec)
	DL user plane latency – NR FDD
	UE capability 2
	UE capability 2
	UE capability 2

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol

	Resource mapping Type B
	M=2 (2OS)
	Initial TX
	0.2589
	0.2589
	0.2946
	0.3393
	0.3393
	0.4107
	0.6071
	0.6071
	0.7500

	
	
	1 reTX
	    0.6875
	    0.6875
	    0.7232
	    0.8750
	    0.9107
	    1.0536
	    1.4643
	    1.4643
	    1.7500

	
	
	2reTX
	    1.1161
	    1.1161
	    1.1875
	    1.4107
	    1.4821
	    1.6964
	    2.3214
	    2.3214
	    2.7500

	
	
	3reTX
	    1.5446
	    1.5446
	    1.6161
	    1.9464
	    2.0536
	    2.2679
	    3.1786
	    3.1786
	    3.7500

	
	M=4 (4OS)
	Initial TX
	0.3304
	0.3304
	0.3661
	0.4821
	0.4821
	0.5536
	0.8929
	0.8929
	1.0357

	
	
	1 reTX
	    0.8304
	    0.8304
	    0.8661
	    1.0893
	    1.1250
	    1.1964
	    1.8929
	    1.8929
	    2.0357

	
	
	2reTX
	    1.3304
	    1.3304
	    1.3661
	    1.6964
	    1.7679
	    1.8393
	    2.8929
	    2.8929
	    3.0357

	
	
	3reTX
	    1.8304
	    1.8304
	    1.8661
	    2.3036
	    2.4821
	    2.5536
	    3.8929
	    3.8929
	    4.0357

	
	M=7 (7OS)
	Initial TX
	0.4286
	0.4464
	0.4821
	0.6786
	0.7143
	0.7857
	1.2857
	1.3571
	1.5000

	
	
	1 reTX
	0.9286
	    0.9464
	    0.9821
	
1.3571
	   1.4286
	    1.7857
	    2.4286
	    2.5000
	    2.7857

	
	
	2reTX
	1.4286
	    1.4464
	    1.4821
	2.1786
	    2.2143
	    2.7857
	    3.5714
	    3.6429
	    4.5000

	
	
	3reTX
	1.9286
	    1.9464
	    1.9821
	2.8571
	    2.9286
	    3.7857
	    4.7143
	    4.7857
	    5.7857

	
	M=14 (14OS)
	Initial TX
	0.6786
	0.6786
	0.6786
	1.1786
	1.1786
	1.1786
	2.2857
	2.2857
	2.2857

	
	
	1 reTX
	    1.4286
	    1.4286
	    1.4286
	    2.1786
	    2.1786
	    2.1786
	    4.2857
	    4.2857
	    4.2857

	
	
	2reTX
	    2.1786
	    2.1786
	    2.1786
	    3.1786
	    3.1786
	    3.1786
	    6.2857
	    6.2857
	    6.2857

	
	
	3reTX
	    2.9286
	    2.9286
	    2.9286
	    4.1786
	    4.1786
	    4.1786
	    8.2857
	    8.2857
	    8.2857

	# 0.5
	
	
	3
	3
	3
	2
	2
	1
	0
	0
	0

	# 1
	
	
	7
	7
	7
	4
	4
	4
	2
	2
	1

	# 2
	
	
	14
	14
	14
	10
	9
	9
	5
	5
	4

	# 3
	
	
	16
	16
	16
	14
	14
	13
	10
	10
	9



UL user plane latency (CG PUSCH) for NR FDD with grant free transmission (msec), for Rel-16 beyond Capability 2 processing times – R16c
	UL user plane latency (Grant free) – NR FDD
	R16c
	R16c
	R16c

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol

	Resource mapping Type B
	M=2 (2OS)
	Initial TX
	0.1607
	0.1607
	0.1607
	0.2321
	0.2321
	0.2321
	
	
	

	
	
	1 reTX
	    0.4107
	    0.4107
	    0.4464
	    0.5893
	    0.5893
	    0.6607
	
	
	

	
	
	2reTX
	    0.6607
	    0.6607
	    0.6964
	    0.9464
	    0.9464
	    1.0179
	
	
	

	
	
	3reTX
	    0.9107
	    0.9107
	    0.9464
	    1.3036
	    1.3036
	    1.4464
	
	
	

	
	M=4 (4OS)
	Initial TX
	0.2857
	0.2857
	0.2857
	0.4821
	0.4821
	0.4821
	
	
	

	
	
	1 reTX
	    0.6071
	    0.6071
	    0.6607
	    0.9821
	    0.9821
	    0.9821
	
	
	

	
	
	2reTX
	    0.9107
	    0.9107
	    1.0357
	    1.4821
	    1.4821
	    1.4821
	
	
	

	
	
	3reTX
	    1.2857
	    1.2857
	    1.4107
	    1.9821
	    1.9821
	    1.9821
	
	
	

	
	M=7 (7OS)
	Initial TX
	0.3393
	0.3393
	0.3393
	0.5893
	0.5893
	0.5893
	
	
	

	
	
	1 reTX
	    0.7143
	    0.7143
	    0.7143
	    1.0893
	    1.3393
	    1.3393
	
	
	

	
	
	2reTX
	    1.0893
	    1.0893
	    1.0893
	    1.5893
	    1.8393
	    2.0893
	
	
	

	
	
	3reTX
	    1.4643
	    1.4643
	    1.4643
	    2.0893
	    2.3393
	    2.8393
	
	
	

	
	M=14 (14OS)
	Initial TX
	0.5893
	0.5893
	0.5893
	1.0893
	1.0893
	1.0893
	
	
	

	
	
	1 reTX
	    1.0893
	    1.0893
	    1.0893
	    2.0893
	    2.0893
	    2.0893
	
	
	

	
	
	2reTX
	    1.5893
	    1.5893
	    1.5893
	    3.0893
	    3.0893
	    3.0893
	
	
	

	
	
	3reTX
	    2.0893
	    2.0893
	    2.0893
	    4.0893
	    4.0893
	    4.0893
	
	
	

	# 0.5
	
	
	4
	4
	4
	2
	2
	2
	
	
	

	# 1
	
	
	10
	10
	9
	6
	6
	5
	
	
	

	# 2
	
	
	15
	15
	15
	12
	12
	11
	
	
	

	# 3
	
	
	16
	16
	16
	14
	14
	14
	
	
	



UL user plane latency (GB PUSCH) for NR FDD with grant-based transmission (msec), for Rel-16 beyond Capability 2 processing times – R16c
	UL user plane latency (Grant based) – NR FDD
	R16c
	R16c
	R16c

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol

	Resource mapping Type B
	M=2 (2OS)
	Initial TX
	0.3929
	0.3929
	0.4286
	0.5536
	0.5536
	0.6250
	
	
	

	
	
	1 reTX
	    0.6429
	    0.6429
	    0.6786
	    0.8750
	    0.9107
	    0.9821
	
	
	

	
	
	2reTX
	    0.8929
	    0.8929
	    0.9286
	    1.1964
	    1.2679
	    1.4107
	
	
	

	
	
	3reTX
	    1.1429
	    1.1429
	    1.1786
	    1.5536
	    1.6250
	    1.7679
	
	
	

	
	M=4 (4OS)
	Initial TX
	0.4643
	0.4643
	0.4643
	0.6964
	0.6964
	0.7679
	
	
	

	
	
	1 reTX
	    0.7321
	    0.7500
	    0.7857
	    1.1964
	    1.1964
	    1.2679
	
	
	

	
	
	2reTX
	    1.0000
	    1.0357
	    1.1071
	    1.6964
	    1.6964
	    1.7679
	
	
	

	
	
	3reTX
	    1.2679
	    1.3214
	    1.3929
	    2.1964
	    2.1964
	    2.2679
	
	
	

	
	M=7 (7OS)
	Initial TX
	0.5536
	0.5893
	0.5893
	0.8750
	0.9464
	1.0179
	
	
	

	
	
	1 reTX
	    0.8750
	    0.9107
	    0.9464
	    1.3750
	    1.4464
	    1.5893
	
	
	

	
	
	2reTX
	    1.3036
	    1.3393
	    1.3393
	    1.8750
	    1.9464
	    2.0893
	
	
	

	
	
	3reTX
	    1.6250
	    1.6607
	    1.6964
	    2.3750
	    2.4464
	    2.5893
	
	
	

	
	M=14 (14OS)
	Initial TX
	0.8214
	0.8214
	0.8214
	1.4107
	1.4107
	1.4821
	
	
	

	
	
	1 reTX
	    1.3214
	    1.3214
	    1.3214
	    2.4107
	    2.4107
	    2.4821
	
	
	

	
	
	2reTX
	    1.8214
	    1.8214
	    1.8214
	    3.4107
	    3.4107
	    3.4821
	
	
	

	
	
	3reTX
	    2.3214
	    2.3214
	    2.3214
	    4.4107
	    4.4107
	    4.4821
	
	
	

	# 0.5
	
	
	2
	2
	2
	0
	0
	0
	
	
	

	# 1
	
	
	9
	8
	8
	4
	4
	3
	
	
	

	# 2
	
	
	15
	15
	15
	11
	11
	10
	
	
	

	# 3
	
	
	16
	16
	16
	14
	14
	14
	
	
	



DL user plane latency for NR FDD (msec), for Rel-16 beyond Capability 2 processing times – R16c
	DL user plane latency– NR FDD
	R16c
	R16c
	R16c

	
	SCS 60kHz, FDD
	SCS 30kHz, FDD
	SCS 15kHz, FDD

	
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol
	PDCCH every symbol
	PDCCH every 2-symbol
	PDCCH every 4-symbol

	Resource mapping Type B
	M=2 (2OS)
	Initial TX
	0.1696
	0.1696
	0.2054
	0.2500
	0.2500
	0.3214
	
	
	

	
	
	1 reTX
	    0.4196
	    0.4196
	    0.4554
	    0.6071
	    0.6071
	    0.6786
	
	
	

	
	
	2reTX
	    0.6696
	    0.6696
	    0.7054
	    0.9643
	    0.9643
	    1.1071
	
	
	

	
	
	3reTX
	    0.9196
	    0.9196
	    0.9554
	    1.3214
	    1.3214
	    1.4643
	
	
	

	
	M=4 (4OS)
	Initial TX
	0.2411
	0.2411
	0.2768
	0.3929
	0.3929
	0.4643
	
	
	

	
	
	1 reTX
	    0.5268
	    0.5268
	    0.5982
	    0.8929
	    0.8929
	    0.9643
	
	
	

	
	
	2reTX
	    0.8125
	    0.8125
	    0.9196
	    1.3929
	    1.3929
	    1.4643
	
	
	

	
	
	3reTX
	    1.0982
	    1.0982
	    1.2768
	    1.8929
	    1.8929
	    1.9643
	
	
	

	
	M=7 (7OS)
	Initial TX
	0.3393
	0.3571
	0.3929
	0.5893
	0.6250
	0.6964
	
	
	

	
	
	1 reTX
	    0.6607
	    0.6786
	    0.7143
	    1.0893
	    1.1250
	    1.1964
	
	
	

	
	
	2reTX
	    1.0893
	    1.1071
	    1.1429
	    1.5893
	    1.6250
	    1.6964
	
	
	

	
	
	3reTX
	    1.4107
	    1.4286
	    1.4643
	    2.0893
	    2.1250
	    2.1964
	
	
	

	
	M=14 (14OS)
	Initial TX
	0.5893
	0.5893
	0.5893
	1.0893
	1.0893
	1.0893
	
	
	

	
	
	1 reTX
	    1.0893
	    1.0893
	    1.0893
	    2.0893
	    2.0893
	    2.0893
	
	
	

	
	
	2reTX
	    1.5893
	    1.5893
	    1.5893
	    3.0893
	    3.0893
	    3.0893
	
	
	

	
	
	3reTX
	    2.0893
	    2.0893
	    2.0893
	    4.0893
	    4.0893
	    4.0893
	
	
	

	# 0.5
	
	
	4
	4
	4
	2
	2
	2
	
	
	

	# 1
	
	
	10
	10
	10
	6
	6
	5
	
	
	

	# 2
	
	
	15
	15
	15
	12
	12
	12
	
	
	

	# 3
	
	
	16
	16
	16
	14
	14
	14
	
	
	




· R1-1901288 “LGE” [13]:
· This paper presents analytical as well link and system level simulation results. 
· The considered parameters and N1/N2 values are given in the following two tables:
For user plane latency analysis, the following parameters listed are assumed.
	Component
	Parameter assumptions

	Alignment latency
	PDCCH/PUCCH alignment latency: 1 symbol

	SR periodicity in case the first PUSCH Tx is based on a dynamic grant
	2 symbols

	PDCCH monitoring periodicity
	2 symbols 

	Type-B time-domain allocation length for PDSCH/PUSCH channels
	PDSCH: 2/4/7 symbols
PUSCH: 2/4/7 symbols

	Time-domain resource allocation length for PDCCH, SR, and PUCCH
	PDCCH: 1 symbol
SR: 1 symbol
PUCCH: 1 symbol

	Number of overlapping symbols between scheduling PDCCH and scheduled PDSCH (d1,1)
	1 symbol

	SR reception to initial PUSCH grant processing time at the gNB
	Same as N2

	HARQ-ACK to reTx PDCCH processing time at the gNB
	Same as N2

	PUSCH to reTx PDCCH processing time at the gNB
	Same as N1

	Periodicity of configured grant
	2 symbols

	UE PDSCH decoding time
	Same as N1 (worst case)

	gNB PUSCH decoding time
	Same as N1 (worst case)



	Processing time (symbols)
	
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	N1
	Capability 2
	3
	4.5
	9 (FR1), 17 (FR2)
	20

	
	Capability 3
	2.5
	2.5
	4.5 (FR1)
	9.5

	N2
	Capability 2
	5
	5.5
	11 (FR1), 23 (FR2)
	36

	
	Capability 3
	2.5
	2.5
	4.5 (FR1)
	9.5



· The downlink and uplink latency as a function of number of transmissions, and also the number of transmissions that can be supported within a latency bound of 1ms are given in the following tables:
DL user plane latency with N1/N2 timing capability 2 and 3
	DL user plane latency 
	UE capability 2
	UE capability 3

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type B
	M=2 (2OS non-slot)
	K=1
	0.571 ms
(8 OS)
	0.339 ms
(9.5 OS)
	0.250 ms
(14 OS)
	0.536 ms
(7.5 OS)
	0.268 ms
(7.5 OS)
	0.170 ms
(9.5 OS)

	
	
	K=2
	1.429 ms
(20 OS)
	0.911 ms
(25.5 OS)
	0.679 ms
(38 OS)
	1.250 ms
(17.5 OS)
	0.625 ms
(17.5 OS)
	0.420 ms
(23.5 OS)

	
	
	K=3
	2.286 ms
(32 OS)
	1.482 ms
(41.5 OS)
	1.107 ms
(62 OS)
	1.964 ms
(27.5 OS)
	0.982 ms
(27.5 OS)
	0.670 ms
(37.5 OS)

	
	M=4 (4OS non-slot)
	K=1
	0.714 ms
(10 OS)
	0.411 ms
(11.5 OS)
	0.286 ms
(16 OS)
	0.679 ms
(9.5 OS)
	0.339ms 
(9.5 OS)
	0.205 ms
(11.5 OS)

	
	
	K=2
	1.714 ms
(24 OS)
	1.054 ms
(29.5 OS)
	0.750 ms
(42 OS)
	1.536 ms
(21.5 OS)
	0.768 ms
(21.5 OS)
	0.491 ms
(27.5 OS)

	
	
	K=3
	2.714 ms
(38 OS)
	1.696 ms
(47.5 OS)
	1.250ms
(70 OS)
	2.536 ms
(35.5 OS)
	1.268 ms
(35.5 OS)
	0.777 ms
(43.5 OS)

	
	M=7 (7OS non-slot)
	K=1
	0.929 ms
(13 OS)
	0.518 ms
(14.5 OS)
	0.339 ms
(19 OS)
	0.893 ms
(12.5 OS)
	0.446 ms
(12.5 OS)
	0.259 ms
(14.5 OS)

	
	
	K=2
	2.214 ms
(31 OS)
	1.304 ms
(36.5 OS)
	0.875 ms
(49 OS)
	2.036 ms
(28.5 OS)
	1.018 ms
(28.5 OS)
	0.723 ms
(40.5 OS)

	
	
	K=3
	3.786 ms
(53 OS)
	2.089 ms
(58.5 OS)
	1.411 ms
(79 OS)
	3.179 ms
(44.5 OS)
	1.589 ms
(44.5 OS)
	1.080 ms
(60.5 OS)






UL user plane latency with N1/N2 timing capability 2 and 3
	UL user plane latency 
	UE capability 2
	UE capability 3

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	Resource mapping Type B
(dynamic scheduling)
	M=2 (2OS non-slot)
	K=1
	1.357 ms
(19 OS)
	0.839 ms
(23.5 OS)
	0.661 ms
(37 OS)
	1.036 ms
(14.5 OS)
	0.518 ms
(14.5 OS)
	0.366 ms
(20.5 OS)

	
	
	K=2
	2.214 ms
(31 OS)
	1.339 ms
(37.5 OS)
	1.089 ms
(61 OS)
	1.750 ms
(24.5 OS)
	0.875 ms
(24.5 OS)
	0.616 ms
(34.5 OS)

	
	
	K=3
	3.071 ms
(43 OS)
	1.839 ms
(51.5 OS)
	1.518 ms
(85 OS)
	2.464 ms
(34.5 OS)
	1.232 ms
(34.5 OS)
	0.866 ms
(48.5 OS)

	
	M=4 (4OS non-slot)
	K=1
	1.500 ms
(21 OS)
	0.911 ms
(25.5 OS)
	0.732 ms
(41 OS)
	1.179 ms
(16.5 OS)
	0.589 ms
(16.5 OS)
	0.402 ms
(22.5 OS)

	
	
	K=2
	2.500 ms
(35 OS)
	1.482 ms
(41.5 OS)
	1.232 ms
(69 OS)
	2.036 ms
(28.5 OS)
	1.018 ms
(28.5 OS)
	0.688 ms
(38.5 OS)

	
	
	K=3
	3.500 ms
(49 OS)
	2.054 ms
(57.5 OS)
	1.732 ms
(97 OS)
	2.893 ms
(40.5 OS)
	1.446 ms
(40.5 OS)
	0.973 ms
(54.5 OS)

	
	M=7 (7OS non-slot)
	K=1
	1.714 ms
(24 OS)
	1.018 ms
(28.5 OS)
	0.786 ms
(44 OS)
	1.679 ms
(23.5 OS)
	0.839 ms
(23.5 OS)
	0.455 ms
(25.5 OS)

	
	
	K=2
	2.857 ms
(40 OS)
	1.732 ms
(48.5 OS)
	1.286 ms
(72 OS)
	2.679ms
(37.5 OS)
	1.339ms
(37.5 OS)
	0.777 ms
(43.5 OS)

	
	
	K=3
	4.000 ms
(56 OS)
	2.446 ms
(68.5 OS)
	1.786 ms
(100 OS)
	3.679 ms
(51.5 OS)
	1.839 ms
(51.5 OS)
	1.205 ms
(67.5 OS)

	Resource mapping Type B
(configured grant)
	M=2 (2OS non-slot)
	K=1
	0.786 ms
(11 OS)
	0.482 ms
(13.5 OS)
	0.411 ms
(23 OS)
	0.607 ms
(8.5 OS)
	0.304 ms
(8.5 OS)
	0.223 ms
(12.5 OS)

	
	
	K=2
	1.643 ms
(23 OS)
	0.982 ms
(27.5 OS)
	0.839 ms
(47 OS)
	1.321 ms
(18.5 OS)
	0.661 ms
(18.5 OS)
	0.473 ms
(26.5 OS)

	
	
	K=3
	2.500 ms
(35 OS)
	1.482 ms 
(41.5 OS)
	1.268 ms
(71 OS)
	2.036 ms
(28.5 OS)
	1.018 ms
(28.5 OS)
	0.723 ms
(40.5 OS)

	
	M=4 (4OS non-slot)
	K=1
	0.929 ms
(13 OS)
	0.554 ms
(15.5 OS)
	0.482 ms
(27 OS)
	0.750 ms
(10.5 OS)
	0.375 ms
(10.5 OS)
	0.259 ms
(14.5 OS)

	
	
	K=2
	1.929 ms
(27 OS)
	1.125 ms
(31.5 OS)
	0.982 ms
(55 OS)
	1.607 ms
(22.5 OS)
	0.804 ms
(22.5 OS)
	0.545 ms
(30.5 OS)

	
	
	K=3
	2.929 ms
(41 OS)
	1.804 ms
(50.5 OS)
	1.482 ms
(83 OS)
	2.464 ms
(34.5 OS)
	1.232 ms
(34.5 OS)
	0.830 ms
(46.5 OS)

	
	M=7 (7OS non-slot)
	K=1
	1.143 ms
(16 OS)
	0.661 ms
(18.5 OS)
	0.536 ms
(30 OS)
	0.964 ms
(13.5 OS)
	0.482 ms
(13.5 OS)
	0.313 ms
(17.5 OS)

	
	
	K=2
	2.714 ms
(38 OS)
	1.411ms
(39.5 OS)
	1.036 ms
(58 OS)
	1.964 ms
(27.5 OS)
	0.982 ms
(27.5 OS)
	0.705 ms
(39.5 OS)

	
	
	K=3
	3.857 ms
(54 OS)
	2.089 ms
(58.5 OS)
	1.536 ms
(86 OS)
	2.964 ms
(41.5 OS)
	1.482 ms
(41.5 OS)
	1.027 ms
(57.5 OS)



· The maximum number of transmissions within 1ms latency bound are given as follows:
	Maximum number of PDSCH/PUSCH transmissions within 1ms
	Capability 2
	Capability 3

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	DL
	M=2 (2OS non-slot)
	1
	2
	2
	1
	3
	4

	
	M=4 (4OS non-slot)
	1
	1
	2
	1
	2
	3

	
	M=7 (7OS non-slot)
	1
	1
	2
	1
	1
	2

	UL (dynamic scheduling)
	M=2 (2OS non-slot)
	0
	1
	1
	0
	2
	3

	
	M=4 (4OS non-slot)
	0
	1
	1
	0
	1
	3

	
	M=7 (7OS non-slot)
	0
	0
	1
	0
	1
	2

	UL (configured grant)
	M=2 (2OS non-slot)
	1
	2
	2
	1
	2
	4

	
	M=4 (4OS non-slot)
	1
	1
	2
	1
	2
	3

	
	M=7 (7OS non-slot)
	0
	1
	1
	1
	2
	2



· R1-1900899 “Qualcomm” [15]:
· Analytical latency comparison for the case of FDD with SCS = 30KHz and 15KHz is presented.
· The considered reduced N1/N2 values are given below:

N1 values under capability timing 3 of NR Rel. 16 for SCS = 15KHz.
	SCS
	PDSCH Length
	PDCCH Overlap
	N1
	UE processing time (effective N1)

	15KHz
	2
	1
	1
	2

	15KHz
	4
	1
	1
	2

	15KHz
	7
	1
	1
	1



N1 values under capability timing 3 of NR Rel. 16 for SCS = 30KHz.
	SCS
	PDSCH Length
	PDCCH Overlap
	N1
	UE processing time (effective N1)

	30KHz
	2
	1
	2
	3

	30KHz
	4
	1
	2
	3

	30KHz
	7
	1
	2
	2



N2 values under capability timing 3 of NR Rel. 16 for SCS = 15KHz and 30KHz.
	SCS
	PUSCH Length
	N2
	d2,1
	d2,2

	15KHz
	2,7
	2.5
	0
	0

	30KHz
	2,7
	2.5
	0
	0



· For both DL and UL, different PDCCH monitoring periodicity, PDSCH lengths, PUSCH lengths, #HARQ reporting per slot and SR periodicity are considered.
· The overall latency for completing 2 DL transmissions and the number of transmissions in 1ms bound for the following cases are given below:
· Case 1:
	PDSCH Length
	PDCCH Overlap
	PDCCH/slot
	PDCCH length
	PUCCH length
	#HARQ/slot
	HARQ-to-PDCCH @gNB
	UE Decoding time

	2
	1
	7
	1
	1
	7
	N1
	N1



· Case 2: 
	PDSCH Length
	PDCCH Overlap
	PDCCH/slot
	PDCCH length
	PUCCH length
	#HARQ/slot
	HARQ-to-PDCCH @gNB
	UE Decoding time

	4
	1
	4
	1
	1
	4
	N1
	N1



· Case 3:
	PDSCH Length
	PDCCH Overlap
	PDCCH/slot
	PDCCH length
	PUCCH length
	#HARQ/slot
	HARQ-to-PDCCH @gNB
	UE Decoding time

	7
	1
	2
	1
	1
	2
	N1
	N1



Number of completed transmissions per 1ms for both scenarios and 3 cases. 
	Scenario/case
	SCS = 15KHz
	SCS = 30KHz

	Rel. 15 scenario under case 1
	1
	2

	Rel. 16 scenario under case 1
	2
	3

	Rel. 15 scenario under case 2
	1
	1

	Rel. 16 scenario under case 2
	1
	2

	Rel. 15 scenario under case 3
	0
	1

	Rel. 16 scenario under case 3
	0
	1



Totla latency (in #symb.) to complete 2 transmissions for both scenarios and 3 cases. The gains (X%) are derived for each specific case under Rel. 16 scenario as compared to the Rel. 15 scenario.
	Scenario/case
	SCS = 15KHz
	SCS = 30KHz

	Rel. 15 scenario under case 1
	20
	25.5

	Rel. 16 scenario under case 1
	14 (+30%)
	17 (+33%)

	Rel. 15 scenario under case 2
	28
	33.5

	Rel. 16 scenario under case 2
	26 (+7%)
	27 (+16%)

	Rel. 15 scenario under case 3
	30
	39.5

	Rel. 16 scenario under case 3
	29 (+3%)
	30 (+24%)



· Besides the analysis for both dynamic uplink and uplink with configured grant, this paper further presents the eURLLC capacity for uplink with 2-symb PUSCH and 7 monitoring occasions per slot, SCS = 30KHz and  under cap#2 N2 on Rel. 15 and cap#3 N2 as mentioned above. It is shown that:
	
	R15/Case1/30KHz
	R16/Case1/30KHz

	URLLC cell capacity
	Cell-edge UE cannot satisfy QoS at 5 packets/sec/UE
	All URLLC UEs meet QoS at 2500 packets/sec/UE. The actual URLLC capacity can be higher than that.



· This paper further proposes to consider operational cosntraints such as limiting the number of CORESETs, #BDs/CCEs per monitoring occasion, TBS, RBs and/or layers in order to enable the capability timing #3 for DL/UL of NR eURLLC.

· R1-1900930 “Nokia” [16]:
· The following are assumed: N1 = N2, the same gNB and UE processing time, and PDCCH monitoring periodicity of 1 symbol.
· The latency vs. N1 curves for SCS = 15/30/60/120KHz are shown in the following figures:


[image: ]
Latency vs. N1 (with N2=N1) for 15 kHz SCS.
[image: ]
Latency vs. N1 (with N2=N1) for 30 kHz SCS.
[image: ]
Latency vs. N1 (with N2=N1) for 60 kHz SCS.
[image: ]
Latency vs. N1 (with N2=N1) for 120 kHz SCS.
· Further, the DL latency comparison between UE capability 2 and 3 are given below:
	
	UE capability 2
	UE capability 3

	
	SCS
	SCS

	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz

	TTI=2 (2OS non-slot)
	p=0
	0,607
	0,339
	0,258
	0,5
	0,268
	0,188

	
	p=1
	1,464
	0,875
	0,687
	1,214
	0,625
	0,473

	TTI=4 (4OS non-slot)
	p=0
	0,893
	0,482
	0,33
	0,786
	0,411
	0,258

	
	p=1
	1,893
	1,089
	0,83
	1,786
	0,911
	0,58

	TTI=7 (7OS non-slot)
	p=0
	1,286
	0,679
	0,429
	1,178
	0,607
	0,357

	
	p=1
	2,429
	1,357
	0,929
	2,178
	1,107
	0,714



· R1-1901355 “DOCOMO” [17]:
· This paper presents the latency analysis for both FR1 (SCS = 30KHz) and FR2 (SCS = 120KHz) with the following assumptions:
	FR1
	TDD
	SU (10D:2G:2U)

	
	SCS
	30kHz

	
	PDSCH length
	2 symbols

	
	PDCCH overlap with PDSCH
	1

	
	PDCCH length
	1 symbol

	
	PUCCH length
	1 symbol

	
	UE processing time
	4.5+1

	
	gNB processing time
	2*(4.5+1)

	
	PDCCH monitoring periodicity
	2 symbols

	FR2
	TDD
	DSUU (10D:2G:2U)

	
	SCS
	120kHz

	
	PDSCH length
	2 symbols

	
	PDCCH overlap with PDSCH
	1

	
	PDCCH length
	1 symbol

	
	PUCCH length
	1 symbol

	
	UE processing time
	20+3+1

	
	gNB processing time
	2*(20+3+1)

	
	PDCCH monitoring periodicity
	2 symbols



· Feature lead comment: For both FR1 and FR2, the gNB processing time is twice larger than the UE processing time.
· The worst-case latency for both single-shot transmission and two transmissions are given below:

Table.1 Summary of latency evaluations for baseline capability in Rel-15
	DL latency
	UE capability#2
	UE capability #1

	
	SCS 30kHz 
	SCS 120kHz 

	2-OS PDSCH
	One-shot transmission
	1.24
	0.85

	
	Two transmissions
	2.24
	1.53



Table.2 Summary of latency evaluations for baseline capability in Rel-15
	UL grant-based latency

	UE capability#2
	UE capability #1

	
	SCS 30kHz 
	SCS 120kHz 

	2-OS PUSCH
	One-shot transmission
	1.77
	1.20

	
	Two transmissions
	2.77
	2.21



Table.3 Summary of latency evaluations for baseline capability in Rel-15
	UL configured grant latency

	UE capability#2
	UE capability #1

	
	SCS 30kHz 
	SCS 120kHz 

	2-OS PUSCH
	One-shot transmission
	1.02
	0.92

	
	Two transmissions
	2.02
	2.03



[image: ]



· Based on the results, it is observed that for TDD and FR1, assuming timing capability 2, HARQ-based re-transmission is not possible.
· It is also observed that for TDD and FR2 with capability timing 1, HARQ-based re-transmission is not possible. 
· It is further argued that for some use cases, such as factory automation, single-shot transmission is sufficient. 
· The same analysis is perfomed for SR-based uplink and uplink with configured grant.

· R1-1901152 “Fraunhofer HHI” [21]:
· This paper proposes the following N1 values for prcessing capability #3:
	
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Processing time in OS (front-loaded DMRS)
		3
	4.5
	9

	Stringent UE processing time in OS (Early HARQ) [2]
	2.5
	2.5
	5


· Further, it is proposed to enable faster turn around time by determining the HARQ-ACK feedback based on evaluating a fraction of the LLRs, i.e. using LDPC subcodes to improve the HARQ-ACK prediction.

Companies’ Proposals on Further Studying or Reducing N1/N2
· One company [3] proposes to identify the important cases first before introducing a new timing capability. This paper proposes to first consider 2-symb allocation with SCS = 15KHz and 2/4-symb allocation with SCS = 60KHz.
· One company [5] proposes to introduce a new UE capability #3 with N1 = 2.5 and N2 = 2.5 with only front-loaded DMRS for SCS = 15KHz and SCS = 30KHz for NR eURLLC. For SCS = 120KHz, adopt N1 = 10 with fron-loaded DMRS and N2 = 10 as the new timing capability.
· One company [7] proposes ：
· For DL transmission, either introduce the new capability or consider flexible scheduling (i.e., shorter UCI window and shorter PDCCH monitoring periodicity.)
· For UL transmission,either introduce the new capability or enhance configured grant transmission.
· In [8], reducing the timeline is observed as helpful in meeting the latency requirement in the following cases:
· SCS = 15KHz and FDD, SR-based UL with PDCCH periodicity of 2 symbols and reduced timeline can help meeting the 1ms latency.
· SCS = 15KHz and FDD, reducing the timeline alone can help providing more HARQ re-transmissions within 1ms.
· SCS = 30KHz and FDD, reducing the timeline alone increases the number of HARQ re-transmissions in DL.
· SCS = 30KHz and FDD, reducing the timeline alone increases the number of HARQ re-transmissions for SR-based UL.
· SCS = 60KHz and FDD, reducing the timeline alone increases the number of HARQ re-transmissions in the DL.
· SCS = 60KHz and FDD,  reducing the timeline alone increases the number of HARQ re-transmissions for SR-based UL.
· SCS = 60KHz and FDD, reducing the timeline alone increases the number of HARQ re-transmissions for uplink grant-free. Reducing the PDCCH monitoring periodicity to 2symbol cannot increase the number of HARQ transmissions within 1ms without more aggressive processing time. 
· For TDD, no HARQ retransmission is supported within 1ms with 1ms UL-DL switching periodicity.
· For SCS = 30KHz and TDD, reducing the timeline for 4-symbol PDSCH/PUSCH can help meeting the 1ms latency for DL and UL with configured grant.
· One company [9] proposes to reduce N1 for SCS = 30/60KHz to 2.5 symbols. Also, it is proposed to reduce N2 to 2.5 symbols for SCS = 30/60KHz.
· One company [11] proposes to enhance the timelines for larger SCS values (60KHz as compared to 15/30KHz.) It is further proposed to prioritize processing timeline reduction for DL and uplink grant-free. 
· One company [13] proposes to reduce N1/N2 timing capability for Rel. 16 eURLLC. In this paper, the analysis for SCS = 15/30/60KHz is considered.
· One company [15] proposes to introduce reduced timeline for SCS = 30KHz and both DL and UL.
· One company [16] proposes to introduce more stringent UE processing capability 3 for PDSCH and PUSCH for Rel. 16 eURLLC.
· One company [17] proposes to reduce PDSCH processing time for both FR1 and FR2 for NR eURLLC.
· This proposal is not applicable to the factory automation use case.
· One company [17] proposes to reduce the SR-based PUSCH preparation time for both FR1 and FR2. Further, for uplink with configured grant, the PUSCH preparation time should be reduced for FR1.


Reasons for NOT Introducing a New Timing Capability
· R1-1900047 “Huawei/HiSilicon” [2]:
· This paper argues that N1 forms a small fraction of the overall latency. Most transmissions can be completed in one shot, and in other cases, completing two transmissions is feasible within the latency bound. Similar arguments are made to justify that a new uplink preparation time for eURLLC is not needed. Additionally, it is stated that there is a large uncertainty in the duration of other factors contributing to the overall latency (e.g. gNB processing time for scheduling the initial transmission and possible re-transmissions, PUSCH/PDSCH duration, PUCCH alignment). More parameters that also influence the latency are PDSCH granularity (currently, only length 2, 4 and 7 defined) and PDCCH monitoring occasions. All of these parameters should be considered together, when possible enhancements are discussed.
· This paper also states that for AWGN channels, it has been observed that due to the steep SINR/BLER curves the applicable MCS for a given SINR does not change significantly when a different BLER is targeted. The resource utilization gain in this case is therefore rather small. For other channel conditions, when a resource utilization gain could be expected, it is very important to have updated CSI information available before scheduling the re-transmission.
 
· The latencies have been estimated for the AR/VR use cases with 1ms/4ms latency requirements and 32B/200B packet sizes respectively.  The applied SCS are 30/60 kHz SCS for 40MHz BW at 4GHz: Latency budget with one shot is always met, and only for long gNB processing times the the time budget for 2TX is exceeded.


[image: ]
· Estimated latencies for the same requirements as above but for 30 kHz SCS and 20MHz BW at 700MHz: One shot is always met, and only for long gNB processing times the the time budget for 2TX is exceeded.

[image: ]
· Another observation made in this paper is that the resource utilization is not necessarily improved when multiple transmissions are supported. This depends on the channel conditions. Simulation results below show required BLER/SINR curves for different MCS. The RU gain is summarized in the following Table 5.
· Feature lead comment: Observations are made based on the AWGN channel.
Table 4 – LLS for different MCS, BLER targets and required SINR with AWGN channel
[image: ]
Table 5 – Example for resource utilization gain in AWGN channel, 2TX vs 1TX
[image: ]
· For uplink transmissions similar latency analysis results are provided. It is stated that the one-shot transmission is always possible within the latency budget. When two grant based transmissions within the given latency budget can not be supported, GF can further reduce the latency to meet the time budget.



·  R1-1900211 “MediaTek” [6]:
· For PDSCH with SCS = 15KHz, 1ms latency can be met with a single-shot transmission and at least 3 monitoring occasions per slot.
· Reducing N1 to 1 is not sufficient to add one more transmission within 1ms (from 2 to 3).
· Feature lead comment: The calculation for the case of N1 = 1 is not presented. Further discuss this point during the meeting.
· For grant-based PUSCH, reducing N2 to 1 is not sufficient two accommodate 2 transmissions within 1ms bound with SCS = 30KHz.
· This paper further presents the latency CDF curves for both DL and UL, with different N1/N2 values and different PDCCH monitoring periodicities:
· For SCS = 15KHz, as shown in the figure below, single-shot transmission can be completed within the latency bound of 1ms, but requires a PDCCH monitoring periodicity of 3 symbol. 

[image: ]
DL latencies based on various PDCCH monitoring configurations for SCS = 15KHz

· To reduce the PDCCH periodicity, N1 should be reduced.

[image: ]
DL latencies based on 6 OS PDCCH monitoring periodicity and various values or N1
· It is not feasible to meet the latency requirement with 6 or 7 OS PDCCH monitoring periodicities unless 6 OS periodicity is used with N1 = 1 which is very extreme and very aggressive to support at the UE side. 
· For SCS = 30KHz, it is observed that reducing the N1 and N2 aggresively still does not allow for accommodating more transmissions.





[image: ]
DL latency for SCS = 30 kHz with various possible values of N1

[image: ]
UL latency for SCS = 30 kHz with various possible values of N2

· R1-1900373 “SONY” [9]:
· No enhancement should be considered for N1 and N2 under SCS = 15KHz.
· The reason is that reducing N1/N2 even by half does not increase the number of transmissions within the latency budget.

· R1-1901069 “Samsung” [12]:
· No need to introduce new N1/N2 capabilities for grant-based PUSCH with SCS = 15KHz.
· The reason is that there are other SCS values and configurations that can be used to meet the latency requirement. 
· Also, to evaluate the gain of HARQ-based transmission with single-shot transmission, 4-symbol type-B PDSCH with fron-loaded DMRS is assumed. Further, two PDCCH overhead models are considered.



· Two overhead models for PDCCH ALs
	PDCCH overhead Model A
	PDCCH overhead Model B

	ALs
	SNR range (dB)
	ALs
	SNR range (dB)

	1
	9 ~
	1
	5 ~

	2
	5 ~ 8
	2
	-1 ~ 4

	4
	0 ~ 4
	4
	~ -2

	8
	~ -1
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· Based on the above results, it is suggested that the performance gain of HARQ-based transmission over single-shot transmission is about 2-20%.

















AI for 3GPP RAN1 #AH1901
The summary of the proposals are as follows (Y/N is only included for the cases that were mentioned in the companies’ contribution papers):
Support (Y) and No support (N) for capability timing 3 for DL and UL under different SCS.
	Company
	DL/15KHz
	UL/15KHz
	DL/30KHz
	UL/30KHz
	DL/60KHz
	UL/60KHz
	DL/120KHz
	UL/120KHz

	HW [2]
	N
	N
	N
	N
	N
	N
	N
	N

	Ericsson [5]
	Y
	Y
	Y
	Y
	
	
	Y
	Y

	MDK [6]
	N
	N
	N
	N
	N
	N
	N
	N

	OPPO [7]
	
	
	N
	N
	
	
	
	

	CATT [8]
	N
	N
	Y
	Y
	Y
	Y
	
	

	SONY [9]
	N
	N
	Y
	Y
	Y
	Y
	
	

	Intel [11]
	N
	N
	
	
	Y
	Y
	
	

	Samsung [12]
	N
	N
	N
	N
	N
	N
	N
	N

	LGE [13]
	Y
	Y
	Y
	Y
	Y
	Y
	
	

	QC [15]
	N
	N
	Y
	Y
	
	
	
	

	Nokia [16]
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	DCM [17]
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y





The number of Y/N per SCS and direction:
· SCS = 15KHz, DL: 4Yes and 7 No
· SCS = 15KHz, UL: 4Yes  and 7 No
· SCS = 30KHz, DL: 7 Yes  and 4 No
· SCS = 30KHz, UL: 7 Yes and 4 No
· SCS = 60KHz, DL: 6 Yes (2 with a condition) and 3 No
· SCS = 60KHz, UL: 6 Yes (2 with a condition) and 3 No
· SCS = 120KHz, DL: 3 Yes (1 with a condition) and 3 No
· SCS = 120KHz, UL: 3 Yes (1 with a condition) and 3 No

Feature Lead Recommendation: Consider the following proposals for discussion during the RAN1 AH1901 meeting:
· Proposal 1: Introduce a new UE PDSCH procedure processing time (N1) for fron-loaded DMRS and PUSCH preparation procedure time (N2) for SCS = 30/60KHz.
· Further discuss the possible operational constraints needed for a UE to support the new timing capability.
· Proposal 2: Further discuss the need for introducing a new UE PDSCH procedure processing time (N1) and PUSCH preparation procedure time (N2) for SCS = 15/120KHz.

	Company
	Comment

	HW/HiSi
	In our view, before going into how and for which parameters to reduce the latency, we should discuss the simulation results that have been provided to this meeting and that address a potential resource utilization benefit. From our observation of the submitted results, the expected gain is not high enough to motivate more transmissions within a given time frame (Samsung (R1-1901069) “two transmission scheme is expected to to have to have the general gain of lower than 8% over one transmission scheme in case of PDCCH overhead model A if considering DL and UL SNR geometry results”, and ZTE (R1-1900072) where the average gain seems to be about 17% within the SINR range from -5dB to 5dB,  and HW (R1-1901345) where the gain is 12.58%. We are interested in other companies opinion on this matter.
If, however, a further latency reduction should be studied, then it is important to take all contributing factors into account. We have e.g. identified the parameters which we would like to discuss further.
· the gNB processing time: different companies have different assumptions on the gNB processing time, e.g. DCM is assuming 11OS@30kHz SCS, wheras CATT is assuming 2.75OS (N2/2). This is an uncertainty of 8.25OS for the gNB processing time, which is far longer than what would be possible to achieve as reduction for N1/N2. No reliable conclusion can be drawn, if a reduction of N1/N2 can facilitate more transmission within the given time interval.
· PDSCH cannot be scheduled across the slot boundary. This can cause an extra delay, which is especially critical for PDSCHs with duration 4OS or 7OS.
· PDCCH/PDSCH overlap. For 1OS CORESET and large AL, a PDCCH/PDSCH overlap might not be feasible, which is adding more uncertainties to the latency estimation.  

	
	




CSI Computation Timing for NR eURLLC
In NR Rel. 15 [22], two sets of CSI computation delay requirements are defined as follows:	
Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



Table 5.4-2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140



In NR Rel. 15, the CSI computation delay requirement 1 offers shortened Z1 and Z'1 values and is applicable when CSI is reported on PUSCH without any uplink data or HARQ-ACK or when no CPU is occupied and CSI is associated to at most 4 CSI-RS ports in a single resource without CRI and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI'.
The remainder of this section presents the companies’ views on whether introducing a new CSI preparation latency requirement for Rel. 16 NR eURLLC is justified. Overall, seven companies ([2]-[5]-[11]-[12]-[15]-[16]-[18]) shared their views on this topic.

Reasons for Introducing a New CSI Computation Delay Requirement
· DL HARQ latency is much smaller than CSI computation latency. Updated CSI cannot be available for new transmissions [2].
· Relying on P-CSI increases RS overhead [2], [16].
· System-level evaluations of [2] illustrates that for the remote driving use case, reducing the CSI computation time enbales the network to meet the URLLC requirements for more than 98% of the users.
· The CSI preparation timeline requirement 1 are much larger than the N1 and N2 values [15], [16].
Companies’ Proposals on Reducing CSI Computation Timeline
· One company is proposing to reduce the CSI computation delay and adopt the following values [2]:
	[image: ]
	Z1 [symbols]

	
	Z1
	Z'1

	0
	5
	4

	1
	6.5
	5.5

	2
	13
	11

	3
	22
	18



· One company [5] proposes to reduce the latency values under the CSI computation requirement 2 by a factor of 5, and adopt the results as the new CSI computation timeline for eURLLC. The rationale is that the Rel. 15 UE should be able to support 5 CSI reports as a mandatory feature. If for eURLLC, the number of reports is restricted to 1, then the processing should be performed almost 5x faster. 
· One company [15] proposes to reduce the CSI preparation timeline for eURLLC applications only if the gains are considerable and UE processing complexities are relaxed by imposing operational constraints.
· One company [16] proposes to support smaller A-CSI computation timeline, while consider conditions and restrictions to enable it.
Reasons for NOT Introducing a New CSI Computation Delay Requirement
· Reducing the CSI timeline increases the UE complexity [11].
· Relying on coarse CSI computation obtained, e.g., based on DL DMRS, is unlikely to bring tangible benefits[11].
· In case of parallel processing of different CSI reports, the overall CSI preparation latency does not linearly scale with the number of reports; Hence, if the number of reports is reduced by a factor of X, the CSI computation timeline cannot be reduce by the same factor [11].
· The current CSI computation requirements are sufficient for low mobility UEs. For high mobility UEs, the gNB can choose a more conservative MCS to meet the requirements [18].
· If URLLC traffic is periodic, periodic CSI-RS can be used [12].
· If URLLC traffic is aperiodic, updated CSI cannot be used for initial transmission since the arrival of URLLC traffic is not predictable. Also, the gain of relying on updated CSI for re-transmission is not significant since re-transmission happens rarely [12].
AI for 3GPP RAN1 AH1901
Recommendation: Based on the companies’ proposals, further discuss the following aspects in RAN1 AH1901:
· Possible performance gains relized by reducing the CSI computation time for eURLLC.
· The possible operational consitraints to relax the UE complexity due to CSI preparation time reduction.
	Company
	Comment

	
	

	
	



Out-of-Order HARQ and Scheduling 
[bookmark: _Hlk529762313]In NR Rel. 15, the following behaviors in downlink and uplink are specified:
[bookmark: _Hlk529656680][bookmark: _Hlk529762304]Section 5.1 of TS 38.214
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the ending symbol of the first PDSCH with a PDCCH that does not end earlier than symbol i.
Section 6.1 of TS 38.214
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the ending symbol of the first PUSCH by a PDCCH that does not end earlier than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0-0 or 0-1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
According to the specification, the following procedures should be kept in order:
· For a given scheduled cell, PDSCH to HARQ-ACK
· For a given serving cell and any two HARQ processes, PDCCH to PDSCH
· For any scheduled cell and any two HARQ processes, PDCCH to PUSCH
· For any HARQ process, PDCCH with C-RNTI or MCS-RNTI to PUSCH.

The remainder of this section presents the companies’ views on whether out-of-order HARQ and scheduling for NR Rel. 16 eURLLC should be supported. Overall, thirteen companies ([2], [3], [4], [5], [7], [8], [12], [13], [15], [16], [18], [19], [20]) shared their views on this topic.

Reasons for Allowing Out-of-Order HARQ and Scheduling 
· If out-of-order PDSCH to HARQ-ACK for the same HARQ process ID is allowed, re-transmission of the same TB can be scheduled before its HARQ-ACK is sent [2]. Further, the scheduling parameters can be adjusted for the new transmission of the HARQ process if out-of-order HARQ is allowed.
· If out-of-order PDSCH to HARQ for two different HARQ process IDs is not allowed, URLLC latency will be increased as shown in the figure below [3], [8]:


· Similar to the above, removing the constraint on the out-of-order PUSCH scheduling for two different HARQ process IDs reduce the URLLC latency [3], [8].
· If out-of-order PDCCH-to-PDSCH for two HARQ processes is supported, cross-slot scheduling can be done for eMBB (if not enough resources available in the current slot for the large eMBB TBS), while URLLC can be scheduled in the same slot [3].
· For a UE supporting different traffic types, the DL traffic for eURLLC might arrive in-between the eMBB PDCCH and associated PDSCH [4].
· Out-of-order PDCCH-to-PUSCH scheduling can reduce eURLLC latency for UEs supporting different traffic types [4], [16], [19].
· URLLC has a shorter gap between PDSCH to HARQ response and PDCCH to PUSCH transmission [5],[7],[13], [16], [19].





Companies’ Proposals on Allowing Out-of-Order HARQ and Scheduling
One company [2] proposes to remove the out-of-order HARQ constraint imposed between PDSCH and HARQ reporting of the same HARQ process.
One company [3] proposes to support out-of-order PDSCH to HARQ for different HARQ process IDs in order to allow both eMBB and URLLC DL traffic for the same UE.
Once company [4] proposes to allow for out-of-order PDCCH-to-PDSCH and PDCCH-to-PUSCH scheduling for different HARQ process IDs. 
One company [4] proposes to further study the out-of-order HARQ for the same HARQ process ID for rescheduling PDSCH.
One company [4] proposes to further study the out-of-order HARQ for different HARQ process IDs.
One company [5] proposes to support out-of-order HARQ and out-of-order grant for DL and UL transmissions.
One company [7] proposes the following: (1) PDCCH-to-PDSCH and PDCCH-to-PUSCH orders can be relaxed; the later grants can cancel the earlier grants. (2) PDSCH-to-PUCCH order is relaxed; the earlier PDSCH may be cancelled, and its PUCCH is dropped. (3) PDSCH-to-HARQ order for the same HARQ process can be relaxed.
One company [8] proposes to allow for out-of-order scheduling, i.e., to remove the constraint set for PDSCH-to-HARQ and PDCCH-to-PUSCH for different HARQ process IDs. It is further proposed in [8] to decode the earlier PDSCH if the time interval between the starting symbol of HARQ-ACK associated with the two PDSCHs is not shorter than the processing time for the first PDSCH. Similarly, it is proposed that the UE transmits the first PUSCH if the time interval between the start of the two PUSCHs is not shorter than the preparation time for the first PUSCH.
One company [12] proposes to allow for out-of-order HARQ for UEs supporting different traffic types. The UE capability and related behaviors should be studied jointly. 
One company [13] proposes to allow out-of-order HARQ and out-of-order PUSCH scheduling for different HARQ process IDs.
One company [15] proposes to consider the UE complexities needed to interrupt an ongoing processing before allowing for out-of-order HARQ and scheduling. It is further proposed to clearly specify the HARQ buffer management scheme when out-of-order PDSCH-to-HARQ between eMBB and eURLLC is allowed. 
One company [16] proposes to allow for PDCCH-to-PUSCH out-of-order scheduling and PDSCH-to-HARQ out-of-order reporting for different HARQ process IDs. However, it is stated that the need for PDCCH-to-PDSCH out-of-order operation may not be justified, and needs more discussions. 
One company [18] proposes to remove the order constraints for PDCCH-to-PDSCH, PDCCH-to-PUSCH and PDSCH-to-HARQ for UEs supporting different traffic types.
One company [19] proposes to remove the order constraints for PDCCH-to-PUSCH and PDSCH-to-HARQ for different HARQ process IDs. It is further proposed to introduce a PHY-layer eMBB and URLLC differentiation mechanism to allow for the out-of-order operations. 
One company [20] proposes different ways to distinguish between eMBB and URLLC channels in case out-of-order PDSCH-to-HARQ is allowed. It is further proposed to introduce prioritization and dropping rules among PUCCH resources within a slot if eMBB and URLLC PUCCHs are out of order. Further, the UE can drop the earlier PDSCH decoding and report NAK/DTX. Alternatively, the eMBB HARQ transmission can be delayed.

Reasons for NOT Allowing Out-of-Order HARQ and Scheduling
· Feature lead comment: 
· No company explicitly proposed not to allow out-of-order HARQ and scheduling. Different companies proposed to remove some or all of the constrainsts. 
· Except for two companies [2], [4], which proposed to also allow for out-of-order PDSCH-to-HARQ for the same HARQ process for the purpose of re-scheduling, all other proposals are aimed at allowing out-of-order operation across two different HARQ processes; one for eMBB and the other for eURLLC.
AI for 3GPP RAN1 AH1901
Feature Lead Recommendation: Based on the companies’ views, consider the following proposals for more discussions during the RAN1 AH1901:
Propsoal 1: For a Rel. 16 UE supporting both eMBB and eURLLC, on a given serving cell, the out-of-order operation is not allowed for:
· PDSCH to HARQ-ACK for two different HARQ processes associated with eMBB or eURLLC
· PDCCH to PDSCH for any two different HARQ processes associated with eMBB or eURLLC
· PDCCH to PUSCH for any two different HARQ processes associated with eMBB or eURLLC
· PDCCH with C-RNTI or MCS-RNTI to PUSCH for any HARQ process associated with eMBB or eURLLC.

Offline Consensus: For a Rel. 16 UE, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH.
· Further dicuss the required constrains/capabilities and/or possible UE behaviors.

Offline Consensus: For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.
· Further discuss the required constraints/capabilites and/or possible UE behaviors.
· Note: The details of uplink collision handling and the associated UE behaviour in case the first and the second PUSCHs are overlapping in time will be discussed under the intra-UE multiplexing AI.

Proposal 4: For a given serving cell, further discuss the need for allowing out-of-order PDCCH-to-PDSCH operation for two different HARQ processes associated with eMBB and eURLLC.
Proposal 5: For a given serving cell, further discuss the need for allowing the out-of-order PDSCH-to-HARQ operation for the same HARQ process associated with eURLLC.



	Company
	Comment

	
	

	
	



Uplink Multiplexing Timeline 
In Rel-15, due to the flexible starting symbols and durations for PUCCH and PUSCH, different uplink overlapping cases such as PUCCH and PUCCH, PUCCH and PUSCH may occur. It was agreed that for single-slot PUCCH overlaps with single-slot PUSCH in time domain, UCI is piggybacked on PUSCH when the multiplexing timeline requirements are met. Otherwise, UE considers that as an error case for which UE behavior is not specified. The multiplexing time is defined as N1+X and N2+Y. N1+X is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDSCH(s). N2+Y is defined as the required minimum time between the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels and the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable). The X and Y are the additional processing time allowances when HARQ feedback is mapped to PUSCH (including the case that when UE decodes UL grant, the PUCCH preparation is going on, UE needs to cancel the preparation and start to transmit the corresponding information with another transmission). Furthermore, X=T+d1,1+d1,2, Y=T+d2,1, where T = 1. 

Companies’ Proposals 
One company [4] proposes that the same rules can be considered as a starting point for discussions in Rel. 16 eURLLC; however, the N1 and N2 values can be replaced by those of the Rel. 16 eURLLC if any is introduced.

AI for 3GPP RAN1 #95
Recommendation: Further discuss.
	Company
	Comment

	
	

	
	



Uplink Cancellation Timeline 
In this section, two scenarios wherein uplink cancellation may be required is summarized:
· Case 1: Changing the transmission/reception direction on the semi-static configured flexible resources by scheduling DCI or SFI.



Figure 6: cancelation timeline defined in Rel-15 NR.

· Case 2: Uplink cancellation to relax the following scheduling constraints of Rel. 15 NR:
· TS 38.213 9.1.2.2（for semi-static HARQ codebook）
· A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.
· TS 38.213 9.1.3.2（for dynamic HARQ codebook）
· A UE does not multiplex in a PUSCH transmission HARQ-ACK information that is in response to PDSCH reception or SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.



Figure 7: HARQ and PUSCH multiplexing timeline restriction for semi-static HARQ codebook.


Figure 8: HARQ and PUSCH multiplexing timeline restriction for dynamic HARQ codebook.

Companies’ Proposals for Case 1
One company [4] proposes that for scheduling eURLLC in a timely manner, the cancellation timline should be reduced.
AI for 3GPP RAN1 AH1901
Recommendation: Further discuss.
	Company
	Comment

	
	

	
	

	
	




Companies’ Proposals for Case 2
One company [3] proposes to define new multiplexing rules for the UEs supporting traffic types with different priorities. An example of such rules could be that the eURLLC uplink channel can cancel the ongoing eMBB channel. Another company [7] proposes different solutions such as simultaneous of PUCCH and PUSCH, cancellation of earlier granted PUSCH by PUCCH and puncturing earlier granted PUSCH.

AI for 3GPP RAN1 AH1901
Recommendation: Further discuss.
	Company
	Comment

	
	

	
	

	
	



SR Enhancement for Uplink Latency Reduction 
To  meet the stringent latency requirement of eURLLC (e.g., 0.5ms), SR perioricitiy should be reduce for the scheduling of a dynamic PUSCH. In [1], it is argued that since the SR overhead increases as the SR periodicity reduces, there is a need to introduce a new scheme, called underlay SR (USR), for eURLLC applications. 
One company [1] studies the benefits of the Underlay SR (USR) scheme in terms of removing the PUCCH-SR overhead, while meeting or exceeding the  latency performance of PUCCH-SR with minimum periodicity (2 OFDM symbols) as illustrated in the figure below. As discussed in this paper, the main gain of USR comes from the fact that the waiting time for sending an SR can be eliminated.
[image: ]
Impact on Available Bandwidth for Data Transmission for PUCCH-SR vs USR for BW = 20 MHz.


Further reults on the comparison between the SR via PUCCH and USR are provided in the two tables below:




Percentage of One-Way Air Interface Latency (e.g., 0.5 ms for Factory Automation) due to Wait Time for NR SR with 2 OFDM Symbol SR Periodicity
	Wait time
	SCS = 15 kHz
	SCS = 30 kHz

	Average (one OFDM symbol)
	13.4%
	6.6%

	Worst-Case (two OFDM symbols)
	26.6%
	13.4%



Average NR SR wait-time (SR Periodicity = 2 OFDM Symbols) based on proposed UE processing capability
	Configuration
	HARQ Timing
(nr of OS)
	SCS = 15 kHz
	SCS = 30 kHz
	SCS = 60 kHz
	SCS = 120 kHz

	Front-loaded DMRS only
	N1
	2.5
	2.5
	5
	10

	Frequency-first RE-mapping
	N2
	2.5
	2.5
	5
	10

	Average wait-time (one OS) as a percentage of N1 or N2
	
	40%
	40%
	20%
	10%
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€NB processing time 1 25 65 45 135 25 65 45 135 25 65 45 135 25 65 45 135
Transuission alignment B 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4
PDCCH duration B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PDSCH duration + 2 2 4 4 7 7 13 13 2 2 2 2 2 2 2 2
PDSCH processing cap2 (ND) |5 45 45 9 9 45 45 9 9 45 45 9 9 45 45 9 9

'[':éz‘]c’ il ransimission 10 18 185 | 315 15 23 275 | 405 10 18 165 | 295 10 18 165 | 295

'['::‘C" il ransimission 03 | o064 | 033 | 0s6 | o0s4 | o082 | 049 | 072 | 036 | o064 | 029 | 0353 | 036 | o064 | 029 | 033
PUCCH transmission alignment [6 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05
PUCCH duration i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

€NB processing time s 25 65 45 135 25 65 45 135 25 65 45 135 25 65 45 135
Transuission alignment 1 |9 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4
PDCCH duration 10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PDSCH duration 11 2 2 4 4 7 7 13 13 2 2 2 2 2 2 2 2
PDSCHprocessing NI) |12 45 45 9 9 45 45 9 9 45 45 9 9 45 45 9 9

Totallatency [#OS] 2150 | 375 | 385 | e4s | 315 | 475 | ses | sas | 215 | 375 | 345 | eos | 215 | 375 | 345 | e0s

Totallatency [ms] 077 | 134 | oeo | 115 | 113 | 170 | 1or | 147 | 077 | 134 | o0& | 108 | 077 | 134 | o0& | 108
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MCS 5 (38.214 Table 5.3.1.3 - 3),

QPSK, CR 99/1024

MCS 20 (38.214 Table 5.3.1.3 - 3),
160AM, CR = 616/1024

32B (256 bits + 24( 200B (1600 bits +|32B (256 bits + 24| 200B (1600 bits +

bits CRC) 24 bits CRC) bits CRC) 24 bits CRC)

Note# | M= Max Min Max Min Max Min Max

§NB processing time 1 25 65 25 65 25 65 25 65
Transmission aignment 2 0 4 0 4 0 4 0 4
PDCCH duration 3 1 1 1 1 1 1 1 1
PDSCH duration 4 4 4 13 13 2 2 2 2
PDSCH processing cap2 5 45 45 45 45 45 45 45 45
Latency, Inial transmission, [£0S] 12 20 21 2 10 18 10 18

Latency, Inital ransmission, [ms] 043 071 075 104 036 064 036 064
PUCCH transmission alignment  [6 05 05 05 05 05 05 05 05
PUCCH duration i 1 1 1 1 1 1 1 1
§NB processing time s 25 65 25 65 25 65 25 65
Transmission alignment I1 B 0 4 0 4 0 4 0 4
PDCCH transmission 10 1 1 1 1 1 1 1 1
PDSCH transmission 11 4 4 13 13 2 2 2 2
PDSCH processing 12 45 45 45 45 45 45 45 45

Total latency [#OS] 255 415 435 595 215 375 215 375

Total latency [ms] 091 148 155 213 0.77 134 077 134





image15.png
Modulatio | Target code | Target
e e [1024] - Spectral BLER - SINR
@ R Rate efficiency

1.00E-01|1.00E-02|1.00E-03 | 1.00E-04|1.00E-05
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4 2 308 0.30078 | 0.6016 -1.33 -0.84 -0.42 | -0.067 | 0.185
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