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[bookmark: _Toc516617882][bookmark: _Toc516619065]5.7	Latency
[bookmark: _Toc516617883][bookmark: _Toc516619066]5.7.1	User plane latency
As defined in Report ITU-R M.2410, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). 
[bookmark: _Toc516617885][bookmark: _Toc516619068]5.7.1.1	NR
The evaluation of NR user plane latency is based on the procedure illustrated in Figure 5.7.1.1-1. 
[image: ]
[bookmark: _Ref515637446]Figure 5.7.1.1-1 User plane procedure for evaluation
The detailed assumptions of each step are provided in Table 5.7.1.1.1-1 and Table 5.7.1.1.2-1 for downlink and uplink, respectively. 
The additional assumptions to derive the evaluation results of NR user plane latency are list as below.
· It is assumed that the packet arrives at any time of any OFDM symbol. In this case, the 0.5symbol length is added as the “average symbol alignment time” at the beginning of the procedure. 
· The transmission of PDCCH, PDSCH, PUCCH, PUSCH cannot be across the slot. Otherwise the transmission will wait for the next slot.
· The PDSCH/PUSCH allocation (transmission duration) of 2/4/7/14-os non-slot or slot are evaluated.
· If the evaluation is for 14 OFDM Symbol length slot, then slot based scheduling is used. 
· Otherwise non-slot based scheduling is used. 
· The resource mapping type A and B are considered, which impact the start timing of a transmission. Details on resource mapping mechanism can be found in [TS 38.214].
· It is assumed that PDCCH monitoring occasion occurs at every OFDM symbol in the evaluation.
5.7.1.1.1	Downlink
The downlink procedure is abstracted in Table 5.7.1.1.1-1, where the assumptions of each step for evaluation are given.
Table 5.7.1.1.1-1 DL user plane procedure for NR
	ID
	Component
	Notations
	Value

	1
	DL data transfer
	T1 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx
	

	1.1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	Tproc,2/2, with d2,1= d2,2= d2,3=0. (Tproc,2 is defined in Section 6.4 of TS38.214) (NOTE1, NOTE2)

	1.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot
	TFA + Twait,
TFA is the frame alignment time within the current DL slot; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot. 

	1.3
	TTI for DL data packet transmission
	tDL_duration
	Length of one slot (14 OFDM symbol length) or non-slot (2/4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”. (NOTE3)

	2
	HARQ retransmission
	THARQ = T1 + T2
T2 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx (For Steps 2.1 to 2.4)
	

	2.1
	UE processing delay
	tUE,tx 
The time interval between the data is decoded, and ACK/NACK packet is generated.
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”. (NOTE4)

	2.2
	UL frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for the next available UL slot
	TFA + Twait,
TFA is the frame alignment time within the current UL slot; 
Twait is the waiting time for next available UL slot if the current slot is not UL slot

	2.3
	TTI for ACK/NACK transmission
	tUL_duration
	1 OFDM symbol

	2.4
	BS processing delay
	tBS,rx 
The time interval between the ACK is  received and the ACK is decoded.
	Tproc, 2/2 with d2,1= d2,2= d2,3=0. (NOTE1,  NOTE5)

	2.5
	Repeat DL data transfer from 1.1 to 1.4
	T1
	

	-
	Total one way user plane latency for DL
	TUP= T1 + n×THARQ
where n is the number of re-transmissions (n≥0)

	Note:
1. The value is used for evaluation only; gNB processing delay may vary depending on implementation.
2. For the case of a TDD band (30 kHz SCS) with an SUL band (15 kHz SCS), the value of this step is Tproc,2 =30kHz) / 2 for Initial transmission, and Tproc,2 =15kHz) / 2 for re-transmission.
3. For the above case, the UE is processing PDSCH reception on TDD band with 30kHz SCS, and it is assumed that the value of this step is Tproc,1 =30kHz)/2.
4. For the above case, the value of this step is Tproc,1( =15kHz) - Tproc,1( =30kHz)/2.
5. For the above case, the value of this step is Tproc,2( =15kHz)/2.


Based on the DL user plane procedure and assumptions given in Table 5.7.1.1.1-1, a variety of configurations and UE capabilities are evaluated for NR.
For NR FDD, the evaluation results assuming an initial transmission error probability of p=0 and p=0.1 are provided in Table 5.7.1.1.1-2.
Table 5.7.1.1.1-2 DL user plane latency for NR FDD (ms)
	DL user plane latency – NR FDD
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.37
	0.76
	0.54
	0.34
	1.00
	0.55
	0.36

	
	
	p=0.1
	1.58
	0.87
	0.64
	0.40
	1.12
	0.65
	0.41

	
	M=7 (7OS non-slot)
	p=0
	1.49
	0.82
	0.57
	0.36
	1.12
	0.61
	0.39

	
	
	p=0.1
	1.70
	0.93
	0.67
	0.42
	1.25
	0.71
	0.44

	
	M=14 (14OS slot)
	p=0
	2.13
	1.14
	0.72
	0.44
	1.80
	0.94
	0.56

	
	
	p=0.1
	2.43
	1.29
	0.82
	0.51
	2.00
	1.04
	0.63

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	0.98
	0.56
	0.44
	0.29
	0.49
	0.29
	0.23

	
	
	p=0.1
	1.16
	0.67
	0.52
	0.35
	0.60
	0.35
	0.28

	
	M=4 (4OS non-slot)
	p=0
	1.11
	0.63
	0.47
	0.31
	0.66
	0.37
	0.27

	
	
	p=0.1
	1.30
	0.74
	0.56
	0.36
	0.78
	0.45
	0.32

	
	M=7 (7OS non-slot)
	p=0
	1.30
	0.72
	0.52
	0.33
	0.93
	0.51
	0.34

	
	
	p=0.1
	1.49
	0.83
	0.61
	0.39
	1.08
	0.59
	0.40



For NR TDD, the various DL/UL configurations are evaluated. The evaluation results of DDDSU (with S slot = 11DL:1GP:2UL), DSUUD (with S slot = 11DL:1GP:2UL), and DUDU (without GP) are provided in Table 5.7.1.1.1-3, Table 5.7.1.1.1-4, and Table 5.7.1.1.1-5, respectively.
Table 5.7.1.1.1-3 DL user plane latency for NR TDD (ms)
(Frame structure: DDDSU)
	DL user plane latency – NR TDD (DDDSU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.57
	0.86
	0.58
	1.18
	0.65
	0.40

	
	
	p=0.1
	1.95
	1.05
	0.70
	1.56
	0.84
	0.50

	
	M=7 (7OS non-slot)
	p=0
	1.69
	0.92
	0.61
	1.30
	0.71
	0.43

	
	
	p=0.1
	2.07
	1.11
	0.73
	1.67
	0.90
	0.53

	
	M=14 (14OS slot)
	p=0
	2.38
	1.26
	0.78
	1.99
	1.06
	0.60

	
	
	p=0.1
	2,78
	1.46
	0.93
	2.37
	1.25
	0.70

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.16
	0.65
	0.48
	0.66
	0.39
	0.27

	
	
	p=0.1
	1.52
	0.83
	0.59
	1.02
	0.57
	0.36

	
	M=4 (4OS non-slot)
	p=0
	1.28
	0.71
	0.51
	0.82
	0.47
	0.31

	
	
	p=0.1
	1.64
	0.90
	0.63
	1.17
	0.65
	0.40

	
	M=7 (7OS non-slot)
	p=0
	1.49
	0.82
	0.56
	1.10
	0.61
	0.38

	
	
	p=0.1
	1.86
	1.01
	0.69
	1.47
	0.80
	0.47



Table 5.7.1.1.1-4 DL user plane latency for NR TDD (ms)
(Frame structure: DSUUD)
	DL user plane latency – NR TDD (DSUUD)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.93
	1.04
	0.68
	0.41
	1.56
	0.82
	0.48

	
	
	p=0.1
	2.37
	1.26
	0.78
	0.48
	1.99
	1.04
	0.59

	
	M=7 (7OS non-slot)
	p=0
	2.05
	1.1
	0.71
	0.43
	1.69
	0.88
	0.53

	
	
	p=0.1
	2.49
	1.32
	0.83
	0.5
	2.13
	1.1
	0.64

	
	M=14 (14OS slot)
	p=0
	2.74
	1.44
	0.88
	0.51
	2.39
	1.23
	0.7

	
	
	p=0.1
	3.19
	1.66
	1
	0.58
	2.83
	1.45
	0.81

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.47
	0.81
	0.56
	0.35
	1.01
	0.54
	0.36

	
	
	p=0.1
	1.9
	1.02
	0.67
	0.41
	1.43
	0.75
	0.47

	
	M=4 (4OS non-slot)
	p=0
	1.59
	0.87
	0.59
	0.37
	1.16
	0.62
	0.4

	
	
	p=0.1
	2.01
	1.08
	0.7
	0.43
	1.58
	0.83
	0.5

	
	M=7 (7OS non-slot)
	p=0
	1.83
	0.99
	0.65
	0.4
	1.47
	0.77
	0.48

	
	
	p=0.1
	2.26
	1.2
	0.76
	0.46
	1.9
	0.99
	0.58



Table 5.7.1.1.1-5 DL user plane latency for NR TDD (ms)
(Frame structure: DUDU)
	DL user plane latency – NR TDD (DU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.83 
	1.00 
	0.64 
	0.40 
	1.47 
	0.77 
	0.48 

	
	
	p=0.1
	2.04 
	1.11 
	0.73 
	0.48 
	1.66 
	0.87 
	0.52 

	
	M=7 (7OS non-slot)
	p=0
	1.94 
	1.04 
	0.65 
	0.41 
	1.59 
	0.83 
	0.50 

	
	
	p=0.1
	2.16 
	1.16 
	0.75 
	0.49 
	1.79 
	0.93 
	0.55 

	
	M=14 (14OS slot)
	p=0
	2.61 
	1.38 
	0.83 
	0.50 
	2.29 
	1.18 
	0.68 

	
	
	p=0.1
	2.96 
	1.55 
	0.96 
	0.58 
	2.49 
	1.29 
	0.78 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.27 
	0.71 
	0.51 
	0.33 
	0.76 
	0.42 
	0.30 

	
	
	p=0.1
	1.46 
	0.81 
	0.61 
	0.39 
	0.99 
	0.53 
	0.36 

	
	M=4 (4OS non-slot)
	p=0
	1.46 
	0.80 
	0.56 
	0.35 
	0.98 
	0.54 
	0.36 

	
	
	p=0.1
	1.65 
	0.91 
	0.66 
	0.41 
	1.22 
	0.65 
	0.41 

	
	M=7 (7OS non-slot)
	p=0
	1.71 
	0.93 
	0.63 
	0.38 
	1.32 
	0.71 
	0.44 

	
	
	p=0.1
	1.91 
	1.03 
	0.73 
	0.46 
	1.55 
	0.81 
	0.50 


In addition, NR supports X slot that can be flexibly configured based on the traffic pattern. The evaluation of DDDXU is provided for this capability, where ‘X’ slot = ‘D’ slot for DL data transmission, and ‘X’=‘U’ for ACK/NACK feedback for DL user plane latency evaluation. The evaluation results are provided in Table 5.7.1.1.1-6. 
Table 5.7.1.1.1-6 DL user plane latency for NR TDD (ms)
(Frame structure: DDDXU, with ‘X’=’D’ for DL traffic)
	DL user plane latency – NR TDD (DDDXU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=14 (14OS slot)
	p=0
	2.34
	1.24
	0.79
	0.46
	2.02
	1.04
	0.61

	
	
	p=0.1
	2.74
	1.44
	0.92
	0.54
	2.40
	1.23
	0.71

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.09
	0.62
	0.48
	0.31
	0.66
	0.36
	0.27

	
	
	p=0.1
	1.37
	0.80
	0.59
	0.37
	0.88
	0.47
	0.34

	
	M=4 (4OS non-slot)
	p=0
	1.25
	0.69
	0.52
	0.33
	0.85
	0.45
	0.32

	
	
	p=0.1
	1.61
	0.88
	0.63
	0.39
	1.09
	0.58
	0.41

	
	M=7 (7OS non-slot)
	p=0
	1.46
	0.80
	0.57
	0.35
	1.17
	0.61
	0.40

	
	
	p=0.1
	1.83
	0.99
	0.68
	0.42
	1.42
	0.74
	0.49


NR also supports the use of supplementary uplink (SUL) band together with a TDD band, where continuous uplink transmission opportunity becomes possible.  The evaluation is applied to a TDD band with DDDSU (with S slot = 11DL:1GP:2UL) together with an SUL band. The evaluation results are provided in Table 5.7.1.1.1-7.
Table 5.7.1.1.1-7 DL user plane latency for NR TDD + SUL (ms)
(Frame structure for TDD carrier: DDDSU)
	DL user plane latency – NR TDD (DDDSU) + SUL
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 30 kHz (SUL)
	15 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 30 kHz (SUL)

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.57
	0.86
	0.86
	1.18
	0.65
	0.65

	
	
	p=0.1
	1.79
	1.03
	0.97
	1.30
	0.76
	0.76

	
	M=7 (7OS non-slot)
	p=0
	1.69
	0.92
	0.92
	1.30
	0.71
	0.71

	
	
	p=0.1
	1.91
	1.13
	1.04
	1.44
	0.82
	0.82

	
	M=14 (14OS slot)
	p=0
	2.38
	1.26
	1.26
	1.99
	1.06
	1.06

	
	
	p=0.1
	2.70
	1.48
	1.42
	2.21
	1.22
	1.17

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.16
	0.65
	0.65
	0.66
	0.39
	0.39

	
	
	p=0.1
	1.35
	0.83
	0.76
	0.76
	0.48
	0.45

	
	M=4 (4OS non-slot)
	p=0
	1.28
	0.71
	0.71
	0.82
	0.47
	0.47

	
	
	p=0.1
	1.49
	0.89
	0.83
	0.93
	0.57
	0.54

	
	M=7 (7OS non-slot)
	p=0
	1.49
	0.82
	0.82
	1.10
	0.61
	0.61

	
	
	p=0.1
	1.71
	0.99
	0.94
	1.23
	0.72
	0.69


It is observed that NR fulfils DL user plane latency requirement in a wide range of configurations.
5.7.1.1.2	Uplink
The uplink procedure using a grant free transmission is abstracted in Table 5.7.1.1.2-1, where the assumptions of each step for evaluation are given.
Table 5.7.1.1.2-1 UL user plane procedure for NR
	Step
	Component
	Notations
	Value

	1
	UL data transfer
	T1 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx
	

	1.1
	UE processing delay
	tUE,tx
The time interval between the data is arrived, and packet is generated; 
	Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2,1= d2,2= d2,3=0

	1.2
	UL Frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for next available UL slot 
	TFA + Twait,
TFA is the frame alignment time within the current UL slot, 
Twait is the waiting time for next available UL slot if the current slot is not UL slot.

	1.3
	TTI for UL data packet transmission
	tUL_duration
	Length of one slot (14 OFDM symbol length) or non-slot (2/4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	BS processing delay
	tBS,rx 
The time interval between the PUSCH is  received and the data is decoded;
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”; It is assumed that BS processing delay is equal to UE processing delay as for PDSCH
(Note1)

	2
	HARQ retransmission
	THARQ = T2 + T1
T2 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx (For Steps 2.1 to 2.4)
	

	2.1
	BS processing delay
	tBS,tx 
The time interval between the data is decoded, and PDCCH preparation
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	2.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot 
	TFA + Twait,
TFA is the frame alignment time within the current DL slot; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot; 

	2.3
	TTI for PDCCH transmission
	tDL_duration
	1 OFDM symbols for PDCCH scheduling the retransmission.

	2.4
	UE processing delay
	tUE,rx 
The time interval between the PDCCH is received and decoded.
	Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2,1= d2,2= d2,3=0 

	2.5
	Repeat UL data transfer from 1.1 to 1.4
	T1
	

	
	Total one way user plane latency for UL
	TUP= T1 + n×THARQ
where n is the number of re-transmissions (n≥0)

	Note:
1. The value is used for evaluation only; gNB processing delay may vary depending on implementation.
Note:
2.The grant free transmission is assumed to use the following start symbols:
a) For 2-symbol PUSCH, the start symbol can be symbols {0,2,4,6,8,10,12} for PUSCH resource mapping type B
b) For 4-symbol PUSCH, the start symbol can be:
i. For PUSCH resource mapping type B: symbols {0,7} 
ii. For PUSCH resource mapping type A: symbol 0;
c) For 7-symbol PUSCH, the start symbol can be:
i. For PUSCH resource mapping type B: symbols {0, 7}
ii. For PUSCH resource mapping type A: symbol 0;
d) For 14-symbol PUSCH, the start symbol can be at symbol #0 for PUSCH resource mapping type A and B.


Based on the UL user plane procedure and assumptions given in Table 5.7.1.1.2-1, a variety of configurations and UE capabilities are evaluated for NR.
For NR FDD, the evaluation results assuming an initial transmission error probability of p=0 and p=0.1 are provided in Table 5.7.1.1.2-2.
Table 5.7.1.1.2-2 UL user plane latency for NR FDD with grant free transmission (ms)
	UL user plane latency (Grant free) – NR FDD
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.57
	0.86
	0.59
	0.37
	1.20
	0.65
	0.41

	
	
	p=0.1
	1.78
	1.01
	0.69
	0.43
	1.39
	0.75
	0.47

	
	M=7 (7OS non-slot)
	p=0
	1.68
	0.91
	0.61
	0.38
	1.30
	0.70
	0.43

	
	
	p=0.1
	1.89
	1.06
	0.71
	0.44
	1.50
	0.80
	0.49

	
	M=14 (14OS slot)
	p=0
	2.15
	1.15
	0.73
	0.44
	1.80
	0.94
	0.56

	
	
	p=0.1
	2.45
	1.30
	0.84
	0.51
	2.00
	1.06
	0.63

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	0.96
	0.55
	0.44
	0.28
	0.52
	0.30
	0.24

	
	
	p=0.1
	1.14
	0.65
	0.52
	0.34
	0.62
	0.36
	0.28

	
	M=4 (4OS non-slot)
	p=0
	1.31
	0.72
	0.52
	0.33
	0.79
	0.43
	0.30

	
	
	p=0.1
	1.50
	0.84
	0.61
	0.39
	0.96
	0.55
	0.37

	
	M=7 (7OS non-slot)
	p=0
	1.40
	0.77
	0.55
	0.34
	1.02
	0.55
	0.36

	
	
	p=0.1
	1.60
	0.89
	0.63
	0.40
	1.19
	0.64
	0.42

	
	M=14 (14OS slot)
	p=0
	2.14
	1.14
	0.74
	0.44
	1.81
	0.93
	0.56

	
	
	p=0.1
	2.44
	1.30
	0.84
	0.51
	2.01
	1.03
	0.63



For NR TDD, the various DL/UL configurations are evaluated. The evaluation results of DDDSU (with S slot = 11DL:1GP:2UL), DSUUD (with S slot = 11DL:1GP:2UL), and DUDU (without GP) are provided in Table 5.7.1.1.1-3, Table 5.7.1.1.1-4, and Table 5.7.1.1.1-5, respectively.
Table 5.7.1.1.2-3 UL user plane latency for NR TDD with grant free transmission (ms)
(Frame structure: DDDSU)
	UL user plane latency – NR TDD (DDDSU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	3.57
	1.86
	1.08
	3.18
	1.65
	0.90

	
	
	p=0.1
	-
	2.11
	1.21
	3.68
	1.90
	1.03

	
	M=7 (7OS non-slot)
	p=0
	3.68
	1.91
	1.11
	3.29
	1.71
	0.93

	
	
	p=0.1
	-
	2.16
	1.23
	3.79
	1.96
	1.05

	
	M=14 (14OS slot)
	p=0
	-
	2.16
	1.23
	3.79
	1.96
	1.05

	
	
	p=0.1
	-
	2.41
	1.36
	-
	2.21
	1.18

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	2.58
	1.36
	0.83
	2.08
	1.10
	0.63

	
	
	p=0.1
	3.07
	1.60
	0.95
	2.57
	1.35
	0.75

	
	M=4 (4OS non-slot)
	p=0
	3.12
	1.63
	0.97
	2.66
	1.39
	0.77

	
	
	p=0.1
	3.62
	1.88
	1.09
	3.15
	1.64
	0.90

	
	M=7 (7OS non-slot)
	p=0
	3.23
	1.69
	0.99
	2.84
	1.48
	0.82

	
	
	p=0.1
	3.72
	1.93
	1.12
	3.33
	1.73
	0.94



Table 5.7.1.1.2-4 UL user plane latency for NR TDD with grant free transmission (ms)
(Frame structure: DSUUD)
	UL user plane latency – NR TDD (DSUUD)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	2.74
	1.39
	0.85
	0.5
	2.38
	1.22
	0.70

	
	
	p=0.1
	3.22
	1.64
	0.97
	0.56
	2.77
	1.46
	0.82

	
	M=7 (7OS non-slot)
	p=0
	2.84
	1.49
	0.91
	0.53
	2.49
	1.28
	0.73

	
	
	p=0.1
	3.34
	1.74
	1.03
	0.59
	2.97
	1.52
	0.85

	
	M=14 (14OS slot)
	p=0
	3.34
	1.74
	1.03
	0.59
	2.99
	1.53
	0.85

	
	
	p=0.1
	3.84
	1.99
	1.15
	0.67
	3.47
	1.77
	0.98

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.86
	1
	0.66
	0.4
	1.39
	0.73
	0.46

	
	
	p=0.1
	2.31
	1.23
	0.78
	0.46
	1.85
	0.96
	0.57

	
	M=4 (4OS non-slot)
	p=0
	2.34
	1.24
	0.78
	0.46
	1.91
	0.99
	0.58

	
	
	p=0.1
	2.81
	1.47
	0.9
	0.52
	2.38
	1.22
	0.7

	
	M=7 (7OS non-slot)
	p=0
	2.44
	1.29
	0.81
	0.47
	2.09
	1.08
	0.63

	
	
	p=0.1
	2.91
	1.53
	0.92
	0.54
	2.56
	1.31
	0.75

	
	M=14 (14OS slot)
	p=0
	3.34
	1.74
	1.03
	0.59
	2.99
	1.53
	0.85

	
	
	p=0.1
	3.82
	1.98
	1.15
	0.67
	3.47
	1.77
	0.97



Table 5.7.1.1.2-5 UL user plane latency for NR TDD with grant free transmission (ms)
(Frame structure: DUDU)
	UL user plane latency – NR TDD (DU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	2.04 
	1.09 
	0.71 
	0.42 
	1.68 
	0.87 
	0.53 

	
	
	p=0.1
	2.24 
	1.28 
	0.80 
	0.49 
	1.87 
	0.97 
	0.57 

	
	M=7 (7OS non-slot)
	p=0
	2.14 
	1.14 
	0.73 
	0.42 
	1.79 
	0.93 
	0.55 

	
	
	p=0.1
	2.36 
	1.34 
	0.83 
	0.50 
	1.99 
	1.03 
	0.60 

	
	M=14 (14OS slot)
	p=0
	2.64 
	1.39 
	0.86 
	0.50 
	2.29 
	1.18 
	0.68 

	
	
	p=0.1
	3.04 
	1.60 
	1.01 
	0.58 
	2.49 
	1.28 
	0.78 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.29 
	0.71 
	0.52 
	0.33 
	0.80 
	0.44 
	0.31 

	
	
	p=0.1
	1.47 
	0.82 
	0.62 
	0.39 
	1.00 
	0.54 
	0.36 

	
	M=4 (4OS non-slot)
	p=0
	1.66 
	0.90 
	0.61
	0.38 
	1.12 
	0.59 
	0.39 

	
	
	p=0.1
	1.86 
	1.04 
	0.72
	0.44 
	1.42 
	0.75 
	0.47 

	
	M=7 (7OS non-slot)
	p=0
	1.77 
	0.96 
	0.64
	0.39 
	1.39 
	0.73 
	0.46 

	
	
	p=0.1
	1.97 
	1.09 
	0.75
	0.45 
	1.60 
	0.83 
	0.51 

	
	M=14 (14OS slot)
	p=0
	2.64 
	1.39 
	0.86 
	0.50 
	2.29 
	1.18 
	0.68 

	
	
	p=0.1
	3.04 
	1.59 
	1.01 
	0.58 
	2.49 
	1.28 
	0.78 



In addition, NR supports X slot that can be flexibly configured based on the traffic pattern. The evaluation of DDDXU is provided for this capability, where ‘X’ slot = ‘U’ slot for UL data transmission and ‘X’=‘D’ for PDCCH transmission for UL user plane latency evaluation. The evaluation results are provided in Table 5.7.1.1.2-6. 
Table 5.7.1.1.2-6 UL user plane latency for NR TDD with grant free transmission (ms)
(Frame structure: DDDXU, with ‘X’=’U’ for UL traffic)
	UL user plane latency – NR TDD (DDDXU)
	UE capability 1
	UE capability 2

	
	SCS
	SCS

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

	Resource mapping Type A
	M=14 (14OS slot)
	p=0
	3.34 
	1.74 
	1.04 
	0.59 
	3.02 
	1.54 

	
	
	p=0.1
	3.82 
	1.98 
	1.16 
	0.67 
	3.50 
	1.78 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.80 
	0.97 
	0.66 
	0.40 
	1.48 
	0.77 

	
	
	p=0.1
	2.04 
	1.10 
	0.77 
	0.45 
	1.64 
	0.86 

	
	M=7 (7OS non-slot)
	p=0
	2.44 
	1.29 
	0.82 
	0.48 
	2.12 
	1.09 

	
	
	p=0.1
	2.91 
	1.53 
	0.93 
	0.54 
	2.35 
	1.20 


NR also supports the use of supplementary uplink (SUL) band together with a TDD band, where continuous uplink transmission opportunity becomes possible.  The evaluation is applied to a TDD band with DDDSU (with S slot = 11DL:1GP:2UL) together with an SUL band. The evaluation results are provided in Table 5.7.1.1.2-7.
Table 5.7.1.1.2-7 UL user plane latency for NR TDD + SUL with grant free transmission (ms)
(Frame structure for TDD carrier: DDDSU)
	UL user plane latency – NR TDD (DDDSU)+SUL
	UE capability 1
	UE capability 2

	
	SCS
	SCS

	
	15 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 30 kHz (SUL)
	15 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 15 kHz (SUL)
	30 kHz (TDD) + 30 kHz (SUL)

	Resource mapping Type A
	M=4 (4OS non-slot)
	p=0
	1.57
	1.57
	0.86
	1.18
	1.18
	0.65

	
	
	p=0.1
	1.79
	1.79
	1.01
	1.40
	1.38
	0.76

	
	M=7 (7OS non-slot)
	p=0
	1.68
	1.68
	0.91
	1.29
	1.29
	0.71

	
	
	p=0.1
	1.90
	1. 90
	1.06
	1.51
	1.49
	0.82

	
	M=14 (14OS slot)
	p=0
	2.18
	2.18
	1.16
	1.80
	1.79
	0.96

	
	
	p=0.1
	2.50
	2.48
	1.32
	2.01
	2.01
	1.12

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.04
	1.04
	0.59
	0.54 
	0.54 
	0.33

	
	
	p=0.1
	1.23
	1.22
	0.70
	0.64 
	0.63 
	0.39

	
	M=4 (4OS non-slot)
	p=0
	1.32
	1.32
	0.73
	0.86 
	0.86 
	0.49

	
	
	p=0.1
	1.53
	1.52
	0.85
	0.97 
	0.97 
	0.56

	
	M=7 (7OS non-slot)
	p=0
	1.43
	1.43
	0.79
	1.04 
	1.04 
	0.58

	
	
	p=0.1
	1.64
	1.63
	0.91
	1.17 
	1.17 
	0.66


It is observed that NR fulfils UL user plane latency requirement in a wide range of configurations.
5.7.1.2	LTE
For the user plane latency of LTE, the similar procedure to NR is used. The detailed assumptions are given in Table 5.7.1.2.1-1 and Table 5.7.1.2.2-1 for DL and UL, respectively.
5.7.1.2.1	Downlink
The downlink procedure is abstracted in Table 5.7.1.2.1-1, where the assumptions of each step for evaluation are given.
Table 5.7.1.2.1-1 DL user plane procedure for LTE
	ID
	Component
	Notations
	Value

	1
	DL data transfer
	T1 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx
	

	1.1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	1.5 TTI

	1.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot
	TFA + Twait,
TFA is the frame alignment time within the current DL slot; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot. 

	1.3
	TTI for DL data packet transmission
	tDL_duration
	1 TTI

	1.4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	1.5 TTI

	2
	HARQ retransmission
	THARQ = T1 + T2
T2 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx (For Steps 2.1 to 2.4)
	

	2.1
	UE processing delay
	tUE,tx 
The time interval between the data is decoded, and ACK/NACK packet is generated.
	1.5 TTI

	2.2
	UL frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for the next available UL slot
	TFA + Twait,
TFA is the frame alignment time within the current UL slot; 
Twait is the waiting time for next available UL slot if the current slot is not UL slot

	2.3
	TTI for ACK/NACK transmission
	tUL_duration
	1 OFDM symbol

	2.4
	BS processing delay
	tBS,rx 
The time interval between the ACK is  received and the ACK is decoded.
	1.5 TTI

	2.5
	Repeat DL data transfer from 1.1 to 1.4
	T1
	

	-
	Total one way user plane latency for DL
	TUP= T1 + n×THARQ
where n is the number of re-transmissions (n≥0)
Average TUP= T1 + p×THARQ
where p is the probability of re-transmissions

	NOTE: For short TTI, it is assumed that PDCCH and sPDCCH can both schedule sPDSCH such that there is no additional waiting time for PDCCH if the data arrives within the PDCCH region. In addition, sPDCCH and sPDSCH can be frequency multiplexed.


Based on the procedure and assumptions, the DL user plane latency of LTE is derived for both FDD and TDD as provided in Table 5.7.1.2.1-2, and Table 5.7.1.2.1-3, respectively. It is observed that LTE can meet the DL user plane latency requirement.
Table 5.7.1.2.1-2 DL user plane latency for LTE FDD
	TTI duration
	Error probability
	DL UP latency (ms)

	2OS
	p=0 
	0.63

	
	p=0.1
	0.73

	3OS
	p=0 
	0.94

	
	p=0.1
	1.10

	Mixed 2OS/3OS
	p=0 
	0.75

	
	p=0.1
	0.88

	7OS
	p=0 
	2.20

	
	p=0.1
	2.58



Table 5.7.1.2.1-3 DL user plane latency for LTE TDD
	TTI duration
	Criterion
	Error probability
	DL UP latency (ms)

	
	
	
	DSUDD (Cfg.1)
	DSUUD (Cfg.2)

	7OS
	Average case
	p=0 
	2.55
	2.69

	
	
	p=0.1
	3.10
	3.14

	
	Best case
	p=0 
	2.00
	2.00

	
	
	p=0.1
	2.40
	2.40


5.7.1.2.2	Uplink
The uplink procedure using a semi-persistent scheduling uplink transmission is abstracted in Table 5.7.1.2.2-1, where the assumptions of each step for evaluation are given.
Table 5.7.1.2.2-1 UL user plane procedure for LTE
	Step
	Component
	Notations
	Value

	1
	UL data transfer
	T1 = (tUE,tx + tFA,UL) + tUL_duration + tBS,rx
	

	1.1
	UE processing delay
	tUE,tx
The time interval between the data is arrived, and packet is generated; 
	1.5 TTI

	1.2
	UL Frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for next available UL slot 
	TFA + Twait,
TFA is the frame alignment time within the current UL slot.
Twait is the waiting time for next available UL slot if the current slot is not UL slot.

	1.3
	TTI for UL data packet transmission
	tUL_duration
	1 TTI

	1.4
	BS processing delay
	tBS,rx 
The time interval between the PUSCH is  received and the data is decoded;
	1.5 TTI

	2
	HARQ retransmission
	THARQ = T2 + T1
T2 = (tBS,tx + tFA,DL) + tDL_duration + tUE,rx (For Steps 2.1 to 2.4)
	

	2.1
	BS processing delay
	tBS,tx 
The time interval between the data is decoded, and PDCCH preparation
	1.5 TTI

	2.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot 
	TFA + Twait,
TFA is the frame alignment time within the current DL slot; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot

	2.3
	TTI for PDCCH transmission
	tDL_duration
	1 OFDM symbols for PDCCH scheduling the retransmission.

	2.4
	UE processing delay
	tUE,rx 
The time interval between the PDCCH is received and the decoded.
	1.5 TTI

	2.5
	Repeat UL data transfer from 1.1 to 1.4
	T1
	

	
	Total one way user plane latency for UL
	TUP= T1 + n×THARQ
where n is the number of re-transmissions (n≥0)
Average TUP= T1 + p×THARQ
where p is the probability of re-transmissions


Based on the procedure and assumptions, the UL user plane latency of LTE is derived for both FDD and TDD as provided in Table 5.7.1.2.2-2, and Table 5.7.1.2.2-3, respectively.
Table 5.7.1.2.2-2 UL user plane latency for LTE FDD
	TTI duration
	Error probability
	UL UP latency (ms)

	2OS
	p=0 
	0.63

	
	p=0.1
	0.73

	3OS
	p=0 
	0.94

	
	p=0.1
	1.10

	Mixed 2OS/3OS
	p=0 
	0.75

	
	p=0.1
	0.88

	7OS
	p=0 
	2.20

	
	p=0.1
	2.58



Table 5.7.1.2.2-3 UL user plane latency for LTE TDD with semi-persistent scheduling (SPS)
	TTI duration
	Criterion
	Error probability
	UL UP latency (ms)

	
	
	
	DSUDD (Cfg.1)
	DSUUD (Cfg.2)

	7OS
	Average case
	p=0 
	-
	3.26

	
	
	p=0.1
	-
	3.73

	
	Best case
	p=0 
	2.00
	2.00

	
	
	p=0.1
	2.45
	2.40



It is observed that LTE can meet the UL user plane latency requirement.
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