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1 [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1]. Self-Evaluation will provide the performance towards all the ITU-R IMT-2020 requirements as defined in Report ITU-R M.2410 [2]: 
The minimum requirements for user plane latency are:
–	4 ms for eMBB
–	1 ms for URLLC 
assuming unloaded conditions (i.e. a single user) for small IP packets (e.g. 0 byte payload + IP header), for both downlink and uplink
In this contribution, preliminary evaluation results of NR user plane latency are provided. The evaluation is applied to UE capability #1 and UE capability #2 with PDSCH/PUSCH mapping Type A and Type B.
2 User plane latency evaluation
2.1 User plane latency components
Based on the definition and evaluation methodology provided in Report ITU-R M.2412 [2], the procedure and components for user plane latency are listed in Table 1. Also notations are provided for those components.
Table 1: Procedure and components for NR user plane latency
	Step
	Component
	Notations

	1
	Processing delay for preparing data at Tx side
	tTx,data

	2
	Transmission alignment delay for data
	tTA

	3
	TTI for data packet transmission
	tdata_duration

	4
	Processing delay for receiving data at Rx side
	tRx_data

	· 
	One shot transmission latency
	tone_shot= tTx,data+ tTA + tdata_duration+ tRx_data

	5
	Processing delay for preparing PUCCH (ACK/NACK) or PDCCH at Rx side
	tRx_HARQ

	6
	Transmission alignment delay for PUCCH (ACK/NACK) or PDCCH
	tTA_HARQ

	7
	PUCCH (ACK/NACK) or PDCCH duration time for transmission
	tHARQ_duration

	8
	Processing delay for receiving PUCCH (ACK/NACK) or PDCCH at Tx side
	tTx_HARQ

	9
	Processing delay for preparing retransmission data at Tx side
	tTx,retr

	10
	Transmission alignment delay for retransmission data
	tTA

	11
	TTI for retransmission data packet transmission
	tdata_duration

	12
	Processing delay for receiving retransmission data at Rx side
	tRx_retr

	· 
	HARQ RTT time
	tHARQ_RTT = tRx_HARQ+ tTA_HARQ +tHARQ_duration+ tTx_HARQ+ tTx,retr+ tTA+ tdata_duration+ tRx_retr



With the one shot transmission latency and HARQ RTT time calculated in Table 1, user plane latency can be obtained for transmission with target BLER p:
tp_HARQ= tone_shot + p* tHARQ_RTT.                          (1)
2.2 Assumptions
[bookmark: OLE_LINK49][bookmark: OLE_LINK58][bookmark: OLE_LINK61][bookmark: OLE_LINK62]Some assumptions for UP latency evaluation are further clarified as follows:
1. Packet arrival
Assume that the packet arrives at any timing of any OFDM symbol in a radio frame with uniform probability, i.e. it may arrive at starting or not and frame alignment time for FDD is 0.5 symbol length if next symbol is valid for transmission and otherwise 0.5 symbol length + the number of symbols for waiting.
Proposal 1: Packet arrival at any timing of any OFDM symbol in a radio frame with uniform probability is proposed.
2. PDSCH and PUSCH processing time
The UE PDSCH and PUSCH processing procedure time (denoted as Tproc,1 and Tproc,2) are defined in section 5.3 and 6.4 of TS38.214 [3] respectively. For Tproc,1, assume HARQ-ACK is transmitted on PUCCH, i.e. d1,1=0; d1,2 should be selected according to resource mapping type and UE capability. If overlapping symbols of PDSCH and PDCCH need to be considered, it is assumed there is 1 symbol overlapping, i.e. d=1. N1=the value with “No additional PDSCH DM-RS configured” in Table 5.3-1 and Table 5.3-2 of TS38.214 [3] for UE capability 1 and UE capability 2 respectively. For Tproc,2, assume d2,1= d2,2= d2,3=0. N2=the value with “No additional PDSCH DM-RS configured” in Table 6.4-1 and Table 6.4-2 of TS38.214 [3] for UE capability 1 and UE capability 2 respectively.
Proposal 2: UE PDSCH processing time equals to Tproc,1 with d1,1=0 and d1,2 selected according to resource mapping type and UE capability defined in section 5.3 of TS38.214 [3]; PUSCH processing time equals to Tproc,2　with d2,1= d2,2= d2,3=0 as defined in Section 6.4 of TS38.214 [3].
For BS processing time, for evaluation simplicity, it is assumed the processing time at BS side is equal to the corresponding processing time at UE side in the following evaluation, i.e. processing time to prepare DL data (re)transmission plus NACK receiving processing delay (when there is HARQ assumed) at BS is equal to the time to prepare UL data (re)transmission plus receiving schedule for retransmission (when there is HARQ assumed) and vice versa. In practice, the processing time at BS side could be less than that at UE side, which can be further discussed for self evaluation. Also for calculation, processing on data channel (Tx or Rx) is assumed equal to the rest processing time, e.g. preparation of NACK.
Proposal 3: Assuming BS processing delay for NACK reception and DL data (re)transmission preparation is equal to/less than UE PUSCH preparation time, and BS processing delay for PUSCH data reception and preparation for re-transmission schedule is equal to/less than UE PDSCH procedure time in self evaluation. 
3. PDCCH/PUCCH occasion
For simplification, it is assumed PDCCH and PUCCH occasion occur at every OFDM symbol. In this case, the PDCCH and PUCCH are assumed to be able to be transmitted at every OFDM symbol. However, the transmission cannot be across the slot boundary.
Furthermore, 1 symbol PDCCH and 1 symbol PUCCH are considered in the evaluation.
Proposal 4: Assume PDCCH and PUCCH occasion occur at every OFDM symbol and 1 symbol PDCCH and 1 symbol PUCCH are considered.
4. Transmission alignment delay consideration
To calculate transmission delay, the following assumptions are considered:
· Transmission cannot be across the slot boundary; 
· Starting occasions are different for different resource mapping types according to Table 5.1.2.1-1 and Table 6.1.2.1-1 of TS38.214 [3]; 
· PDCCH monitoring occasion occurs.
5. UP latency calculation method
It is much more complicated in NR to summarize the UP latency since there are different types of data channel transmission, start symbol occasion, UE processing capabilities and etc. It is possible to average all occasions by simplified way while it cannot reach very accurate results. So one straightforward method is to count the latency from any possible data arrival case considering PDCCH monitoring occasion and also PDSCH slot/non-slot length case by case. Under those, average value can be reached in a certain UL/DL configuration, one type of data channel transmission and one length of slot/non-slot. Also it is easy to pick up the best case from those cases. The evaluation in this contribution provides both results.
Proposal 5: Two options are proposed for UP latency calculation:
Under FDD or a certain TDD UL/DL configuration, a certain type of data channel transmission and one length of slot/non-slot:
Option-1 Average method: It is average value considering all data arrival cases.
Option-2 Best case method: The instant case which can achieve the minimum UP latency among all the cases. 
6. Target HARQ BLER
For eMBB, target BLER for HARQ can be kept 0 and 0.1 as that in LTE-advanced evaluation. But it is expected that there will be much better performance for the first transmission for URLLC, e.g. 0 and 10-5.
In this contribution, different target BLER p for the first transmission are evaluated with p = 0, 0.00001(URLLC only), 0.001, 0.01 and 0.1, corresponding to first transmission reliability = 100%, 99.999% (URLLC only), 99.9%, 99% and 90%.
7. PDSCH/PUSCH non-slot or slot length 
A mapping of slot length and resource mapping type is shown in Table 2.
Table 2: mapping of slot length and resource mapping type
	
	Non-slot or slot length
(Number of OFDM symbols requested by data transmission, including PDCCH symbol)
	Resource mapping type
	Scheduling

	
	
	Type A
	Type B
	

	PDSCH (for DL UP latency)
	2
	-
	Yes
	Non-slot based

	
	4
	Yes
	Yes
	Non-slot based

	
	7
	Yes
	Yes
	Non-slot based

	
	14
	Yes
	-
	Slot based

	PUSCH (for UL UP latency)
	2
	-
	Yes
	Non-slot based

	
	4
	Yes
	Yes
	Non-slot based

	
	7
	Yes
	Yes
	Non-slot based

	
	14
	Yes
	Yes
	Slot based



8. Start symbol assumption
· For PUSCH type B grant free:
For 2-symbol PUSCH type B, the start symbol can be symbols {0,2,4,6,8,10,12}.
For 4-symbol and 7-symbol PUSCH type B, the start symbol can be symbols {0,7} 
For 14-symbol PUSCH type B, the start symbol can be at symbol #0.
· For PUSCH type A grant free:
The start symbol can be at symbol #0
· For PDSCH type B grant free:
The start symbol can be at symbol 0-12 on the condition that S+L<=14.
· For PDSCH type A grant free:
The start symbol can be at symbol 0-3 on the condition that S+L<=14.
3 [bookmark: OLE_LINK37][bookmark: OLE_LINK38]Results for UE capability #1
In this section, preliminary evaluation results of NR user plane latency for UE capability #1 and UE capability #2 are provided. FDD and TDD mode (including two TDD configurations: DU and DSUUD) are considered. Both average method and best case method are applied.
4.1 NR FDD
For FDD, the DL and UL user plane latency results for mapping type B and A are given in Table 3, Table 4, Table 5 and Table 6, respectively. 
Table 3: DL UP latency results for NR FDD (UE capability #1 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	0.97
	0.56
	0.44
	0.29
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	0.97
	0.56
	0.44
	0.29
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	0.97
	0.56
	0.44
	0.29
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	0.99
	0.57
	0.45
	0.30
	0.95
	0.55
	0.44
	0.29

	
	p=0.1
	1.14
	0.66
	0.52
	0.35
	1.10
	0.64
	0.51
	0.34

	4 OS non-slot
	p=0
	1.10
	0.62
	0.47
	0.31
	1.04
	0.59
	0.46
	0.30

	
	p=0.00001
	1.10
	0.62
	0.47
	0.31
	1.04
	0.59
	0.46
	0.30

	
	p=0.001
	1.10
	0.62
	0.47
	0.31
	1.04
	0.59
	0.46
	0.30

	
	p=0.01
	1.12
	0.63
	0.48
	0.31
	1.05
	0.60
	0.46
	0.30

	
	p=0.1
	1.29
	0.73
	0.56
	0.36
	1.21
	0.69
	0.54
	0.36

	7 OS non-slot
	p=0
	1.29
	0.71
	0.52
	0.33
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.29
	0.71
	0.52
	0.33
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.29
	0.72
	0.52
	0.33
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	1.30
	0.72
	0.53
	0.34
	1.16
	0.65
	0.49
	0.32

	
	p=0.1
	1.48
	0.82
	0.60
	0.39
	1.32
	0.75
	0.57
	0.37



Table 4: UL UP latency results for NR FDD (UE capability #1and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1
	0.57
	0.45
	0.29
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1
	0.57
	0.45
	0.29
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1
	0.57
	0.45
	0.30
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.02
	0.58
	0.45
	0.30
	0.95
	0.55
	0.44
	0.296

	
	p=0.1
	1.17
	0.67
	0.53
	0.35
	1.10
	0.64
	0.51
	0.34

	4 OS non-slot
	p=0
	1.29
	0.71
	0.52
	0.33
	1.04
	0.59
	0.46
	0.30

	
	p=0.00001
	1.29
	0.71
	0.52
	0.33
	1.04
	0.59
	0.46
	0.30

	
	p=0.001
	1.29
	0.72
	0.52
	0.33
	1.04
	0.59
	0.46
	0.30

	
	p=0.01
	1.31
	0.73
	0.53
	0.34
	1.06
	0.60
	0.46
	0.30

	
	p=0.1
	1.49
	0.84
	0.61
	0.39
	1.24
	0.71
	0.54
	0.36

	7 OS non-slot
	p=0
	1.39
	0.77
	0.54
	0.34
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.39
	0.77
	0.54
	0.34
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.39
	0.77
	0.55
	0.34
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	1.41
	0.78
	0.55
	0.35
	1.16
	0.66
	0.49
	0.32

	
	p=0.1
	1.59
	0.89
	0.63
	0.40
	1.34
	0.77
	0.57
	0.37

	14 OS non-slot
	p=0
	2.14
	1.14
	0.73
	0.44
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.14
	1.14
	0.73
	0.44
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.15
	1.14
	0.73
	0.44
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.17
	1.16
	0.74
	0.44
	1.67
	0.91
	0.62
	0.38

	
	p=0.1
	2.44
	1.30
	0.84
	0.50
	1.94
	1.05
	0.71
	0.44



Table 5: DL UP latency results for NR FDD (UE capability #1and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.37
	0.76
	0.54
	0.34
	0.96
	0.55
	0.44
	0.29

	
	p=0.00001
	1.37
	0.76
	0.54
	0.34
	0.96
	0.55
	0.44
	0.29

	
	p=0.001
	1.37
	0.76
	0.54
	0.34
	0.97
	0.55
	0.44
	0.29

	
	p=0.01
	1.39
	0.77
	0.55
	0.35
	0.98
	0.56
	0.45
	0.30

	
	p=0.1
	1.58
	0.87
	0.64
	0.40
	1.16
	0.66
	0.53
	0.35

	7 OS non-slot
	p=0
	1.49
	0.82
	0.57
	0.36
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.49
	0.82
	0.57
	0.36
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.49
	0.82
	0.57
	0.36
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	1.51
	0.83
	0.58
	0.36
	1.16
	0.65
	0.49
	0.32

	
	p=0.1
	1.70
	0.93
	0.67
	0.42
	1.32
	0.76
	0.58
	0.37

	14 OS non-slot
	p=0
	2.14
	1.14
	0.73
	0.44
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.14
	1.14
	0.73
	0.44
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.15
	1.14
	0.73
	0.44
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.17
	1.16
	0.74
	0.44
	1.67
	0.91
	0.62
	0.38

	
	p=0.1
	2.44
	1.30
	0.84
	0.50
	1.94
	1.05
	0.71
	0.44



Table 6: UL UP latency results for NR FDD (UE capability #1and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.57
	0.86
	0.59
	0.37
	1.07
	0.61
	0.46
	0.30

	
	p=0.00001
	1.57
	0.86
	0.59
	0.37
	1.07
	0.61
	0.46
	0.30

	
	p=0.001
	1.57
	0.86
	0.59
	0.37
	1.07
	0.61
	0.47
	0.30

	
	p=0.01
	1.59
	0.87
	0.60
	0.37
	1.09
	0.62
	0.47
	0.31

	
	p=0.1
	1.78
	1.00
	0.69
	0.43
	1.28
	0.75
	0.56
	0.37

	7 OS non-slot
	p=0
	1.68
	0.91
	0.62
	0.38
	1.18
	0.66
	0.49
	0.32

	
	p=0.00001
	1.68
	0.91
	0.62
	0.38
	1.18
	0.66
	0.49
	0.32

	
	p=0.001
	1.68
	0.91
	0.62
	0.38
	1.18
	0.66
	0.49
	0.32

	
	p=0.01
	1.70
	0.93
	0.63
	0.39
	1.20
	0.68
	0.50
	0.32

	
	p=0.1
	1.90
	1.06
	0.72
	0.44
	1.40
	0.81
	0.59
	0.38

	14 OS non-slot
	p=0
	2.14
	1.14
	0.73
	0.44
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.14
	1.14
	0.73
	0.44
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.15
	1.14
	0.73
	0.44
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.17
	1.16
	0.74
	0.44
	1.67
	0.91
	0.62
	0.38

	
	p=0.1
	2.44
	1.30
	0.84
	0.50
	1.94
	1.05
	0.71
	0.44



Observation 1: For UE capability #1,
- By both average and best case method, NR FDD can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By both average and best case method, NR FDD can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
4.2 NR TDD
For NR TDD, two DL/UL configurations are considered: 
Configuration 1. DSUUD 
Configuration 2. DU.
3.1.1 TDD configuration 1
For the “S” slot in UL/DL configuration 1 with DSUUD structure, 11 DL symbols and 3 UL symbols are assumed only for evaluation. The DL and UL user plane latency results for mapping type B and A are given in Table 7, Table 8, Table 9 and Table 10, respectively.
Table 7: DL user plane latency results for NR TDD-DSUUD (UE capability #1 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1.47
	0.81
	0.56
	0.35
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1.47
	0.81
	0.56
	0.35
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1.48
	0.81
	0.57
	0.35
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.51
	0.83
	0.58
	0.36
	0.95
	0.55
	0.44
	0.29

	
	p=0.1
	1.90
	1.02
	0.67
	0.41
	1.16
	0.65
	0.51
	0.34

	4 OS non-slot
	p=0
	1.59
	0.87
	0.59
	0.37
	1.04
	0.59
	0.46
	0.30

	
	p=0.00001
	1.59
	0.87
	0.59
	0.37
	1.04
	0.59
	0.46
	0.30

	
	p=0.001
	1.59
	0.87
	0.59
	0.37
	1.04
	0.59
	0.46
	0.30

	
	p=0.01
	1.63
	0.89
	0.60
	0.37
	1.06
	0.60
	0.46
	0.30

	
	p=0.1
	2.01
	1.08
	0.70
	0.43
	1.26
	0.70
	0.54
	0.36

	7 OS non-slot
	p=0
	1.83
	0.99
	0.65
	0.40
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.83
	0.99
	0.65
	0.40
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.83
	0.99
	0.65
	0.40
	1.15
	0.64
	0.48
	0.31

	
	p=0.01
	1.87
	1.01
	0.66
	0.40
	1.17
	0.66
	0.49
	0.32

	
	p=0.1
	2.26
	1.20
	0.76
	0.46
	1.39
	0.77
	0.57
	0.37



Table 8: UL user plane latency results for NR TDD-DSUUD (UE capability #1 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1.86
	1.00
	0.66
	0.40
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1.86
	1.00
	0.66
	0.40
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1.86
	1.00
	0.66
	0.40
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.90
	1.02
	0.67
	0.41
	0.96
	0.55
	0.44
	0.29

	
	p=0.1
	2.31
	1.23
	0.78
	0.46
	1.23
	0.69
	0.51
	0.34

	4 OS non-slot
	p=0
	2.34
	1.24
	0.78
	0.46
	1.04
	0.59
	0.46
	0.30

	
	p=0.00001
	2.34
	1.24
	0.78
	0.46
	1.4
	0.59
	0.46
	0.30

	
	p=0.001
	2.34
	1.24
	0.78
	0.46
	1.04
	0.59
	0.46
	0.30

	
	p=0.01
	0.38
	1.26
	0.79
	0.47
	1.07
	0.61
	0.46
	0.30

	
	p=0.1
	2.81
	1.47
	0.90
	0.52
	1.39
	0.76
	0.54
	0.36

	7 OS non-slot
	p=0
	2.44
	1.29
	0.81
	0.47
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	2.44
	1.29
	0.81
	0.47
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	2.45
	1.30
	0.81
	0.48
	1.15
	0.64
	0.48
	0.31

	
	p=0.01
	2.49
	1.32
	0.82
	0.48
	1.18
	0.66
	0.49
	0.32

	
	p=0.1
	2.91
	1.53
	0.92
	0.54
	1.49
	0.82
	0.57
	0.37

	14 OS non-slot
	p=0
	2.74
	1.44
	0.88
	0.51
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.74
	1.44
	0.88
	0.51
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.75
	1.45
	0.88
	0.51
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.79
	1.46
	0.89
	0.52
	1.67
	0.91
	0.62
	0.38

	
	p=0.1
	3.18
	1.66
	1.00
	0.58
	1.94
	1.05
	0.71
	0.44



Table 9: DL user plane latency results for NR TDD-DSUUD (UE capability #1 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.92
	1.03
	0.68
	0.41
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1.92
	1.03
	0.68
	0.41
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1.92
	1.03
	0.68
	0.41
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.96
	1.05
	0.69
	0.42
	0.96
	0.55
	0.44
	0.29

	
	p=0.1
	2.35
	1.24
	0.78
	0.48
	1.21
	0.67
	0.51
	0.35

	7 OS non-slot
	p=0
	2.07
	1.10
	0.71
	0.43
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	2.07
	1.10
	0.71
	0.43
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	2.07
	1.11
	0.71
	0.43
	1.15
	0.64
	0.48
	0.31

	
	p=0.01
	2.11
	1.13
	0.72
	0.43
	1.17
	0.66
	0.49
	0.32

	
	p=0.1
	2.50
	1.32
	0.83
	0.50
	1.42
	0.78
	0.58
	0.37

	14 OS non-slot
	p=0
	2.74
	1.44
	0.88
	0.51
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.74
	1.44
	0.88
	0.51
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.75
	1.45
	0.88
	0.51
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.79
	1.46
	0.89
	0.52
	1.67
	0.91
	0.62
	0.38

	
	p=0.1
	3.18
	1.66
	1.00
	0.58
	1.94
	1.05
	0.71
	0.44



Table 10: UL user plane latency results for NR TDD-DSUUD (UE capability #1 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	2.63
	1.39
	0.85
	0.50
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	2.63
	1.39
	0.85
	0.50
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	2.63
	1.39
	0.85
	0.50
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	2.68
	1.41
	0.87
	0.50
	0.97
	0.56
	0.44
	0.29

	
	p=0.1
	3.12
	1.64
	0.97
	0.56
	1.34
	0.75
	0.53
	0.35

	7 OS non-slot
	p=0
	2.84
	1.49
	0.91
	0.53
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	2.84
	1.49
	0.91
	0.53
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	2.85
	1.50
	0.91
	0.53
	1.15
	0.64
	0.48
	0.31

	
	p=0.01
	2.89
	1.52
	0.92
	0.53
	1.18
	0.66
	0.49
	0.32

	
	p=0.1
	3.34
	1.74
	1.03
	0.59
	1.56
	0.84
	0.58
	0.38

	14 OS non-slot
	p=0
	3.34
	1.74
	1.03
	0.59
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	3.34
	1.74
	1.03
	0.59
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	3.35
	1.75
	1.03
	0.59
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	3.39
	1.77
	1.04
	0.59
	1.68
	0.91
	0.62
	0.38

	
	p=0.1
	3.83
	1.99
	1.15
	0.65
	2.04
	1.09
	0.71
	0.44



Observation 2: For UE capability #1,
- By both average and best case method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions

3.1.2 TDD configuration 2
Another DL/UL configuration DU is also considered. The DL and UL user plane latency results for mapping type B and A are given in Table 11, Table 12, Table 13 and Table 14, respectively.
Table 11: DL user plane latency results for NR TDD-DU (UE capability #1 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1.27
	0.71
	0.51
	0.33
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1.27
	0.71
	0.51
	0.33
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1.27
	0.71
	0.52
	0.33
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.29
	0.72
	0.52
	0.33
	0.95
	0.55
	0.44
	0.29

	
	p=0.1
	1.46
	0.81
	0.61
	0.39
	1.10
	0.64
	0.52
	0.34

	4 OS non-slot
	p=0
	1.46
	0.80
	0.56
	0.35
	1.04
	0.59
	0.46
	0.30

	
	p=0.00001
	1.46
	0.80
	0.56
	0.35
	1.04
	0.59
	0.46
	0.30

	
	p=0.001
	1.46
	0.80
	0.56
	0.35
	1.04
	0.59
	0.46
	0.30

	
	p=0.01
	1.48
	0.81
	0.57
	0.36
	1.05
	0.60
	0.46
	0.30

	
	p=0.1
	1.65
	0.91
	0.66
	0.41
	1.21
	0.69
	0.55
	0.36

	7 OS non-slot
	p=0
	1.71
	0.93
	0.63
	0.38
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.71
	0.93
	0.63
	0.38
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.72
	0.93
	0.63
	0.38
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	1.73
	0.94
	0.64
	0.39
	1.16
	0.65
	0.49
	0.32

	
	p=0.1
	1.91
	1.03
	0.73
	0.44
	1.32
	0.75
	0.58
	0.37



Table 12: UL user plane latency results for NR TDD-DU (UE capability #1 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1.29
	0.71
	0.52
	0.33
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1.29
	0.71
	0.52
	0.33
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1.29
	0.72
	0.52
	0.33
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.30
	0.72
	0.53
	0.34
	0.95
	0.55
	0.44
	0.29

	
	p=0.1
	1.47
	0.82
	0.62
	0.39
	1.10
	0.64
	0.52
	0.34

	4 OS non-slot
	p=0
	1.66
	0.90
	0.90
	0.38
	1.04
	0.59
	0.46
	0.30

	
	p=0.00001
	1.66
	0.90
	0.90
	0.38
	1.04
	0.59
	0.46
	0.30

	
	p=0.001
	1.66
	0.90
	0.90
	0.38
	1.04
	0.59
	0.46
	0.30

	
	p=0.01
	1.68
	0.92
	0.92
	0.38
	1.06
	0.60
	0.47
	0.30

	
	p=0.1
	1.86
	1.04
	1.04
	0.44
	1.24
	0.71
	0.56
	0.36

	7 OS non-slot
	p=0
	1.77
	0.96
	0.96
	0.39
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.77
	0.96
	0.96
	0.39
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.77
	0.96
	0.96
	0.39
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	1.79
	0.97
	0.97
	0.40
	1.16
	0.66
	0.49
	0.32

	
	p=0.1
	1.97
	1.09
	1.09
	0.45
	1.34
	0.77
	0.58
	0.37

	14 OS non-slot
	p=0
	2.64
	1.39
	0.86
	0.50
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.64
	1.39
	0.86
	0.50
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.65
	1.39
	0.86
	0.50
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.68
	1.41
	0.87
	0.51
	1.68
	0.91
	0.62
	0.38

	
	p=0.1
	3.04
	1.59
	1.01
	0.58
	2.04
	1.09
	0.76
	0.45



Table 13: DL user plane latency results for NR TDD-DU (UE capability #1 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.86
	1.00
	0.66
	0.40
	0.96
	0.55
	0.44
	0.29

	
	p=0.00001
	1.86
	1.00
	0.66
	0.40
	0.96
	0.55
	0.44
	0.29

	
	p=0.001
	1.87
	1.00
	0.66
	0.40
	0.97
	0.55
	0.44
	0.29

	
	p=0.01
	1.89
	1.01
	0.67
	0.41
	0.98
	0.56
	0.45
	0.30

	
	p=0.1
	2.07
	1.11
	0.76
	0.48
	1.16
	0.66
	0.53
	0.36

	7 OS non-slot
	p=0
	1.98
	1.06
	0.69
	0.42
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	1.98
	1.06
	0.69
	0.42
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	1.98
	1.06
	0.69
	0.42
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	2.00
	1.07
	0.70
	0.42
	1.16
	0.65
	0.49
	0.32

	
	p=0.1
	2.19
	1.18
	0.79
	0.49
	1.32
	0.76
	0.58
	0.39

	14 OS non-slot
	p=0
	2.64
	1.39
	0.86
	0.50
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.64
	1.39
	0.86
	0.50
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.65
	1.39
	0.86
	0.50
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.68
	1.41
	0.87
	0.51
	1.68
	0.91
	0.62
	0.38

	
	p=0.1
	3.04
	1.59
	1.01
	0.58
	2.04
	1.09
	0.76
	0.45



Table 14: UL user plane latency results for NR TDD-DU (UE capability #1 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.93
	1.04
	0.68
	0.41
	0.93
	0.54
	0.43
	0.29

	
	p=0.00001
	1.93
	1.04
	0.68
	0.41
	0.93
	0.54
	0.43
	0.29

	
	p=0.001
	1.93
	1.04
	0.68
	0.41
	0.93
	0.54
	0.43
	0.29

	
	p=0.01
	1.95
	1.05
	0.69
	0.42
	0.95
	0.55
	0.44
	0.29

	
	p=0.1
	2.13
	1.14
	0.78
	0.49
	1.13
	0.64
	0.53
	0.36

	7 OS non-slot
	p=0
	2.14
	1.14
	0.73
	0.44
	1.14
	0.64
	0.48
	0.31

	
	p=0.00001
	2.14
	1.14
	0.73
	0.44
	1.14
	0.64
	0.48
	0.31

	
	p=0.001
	2.14
	1.14
	0.73
	0.44
	1.14
	0.64
	0.48
	0.31

	
	p=0.01
	2.16
	1.16
	0.74
	0.45
	1.16
	0.66
	0.49
	0.32

	
	p=0.1
	2.34
	1.34
	0.83
	0.51
	1.34
	0.84
	0.58
	0.39

	14 OS non-slot
	p=0
	2.64
	1.39
	0.86
	0.50
	1.64
	0.89
	0.61
	0.38

	
	p=0.00001
	2.64
	1.39
	0.86
	0.50
	1.64
	0.89
	0.61
	0.38

	
	p=0.001
	2.65
	1.39
	0.86
	0.50
	1.65
	0.89
	0.61
	0.38

	
	p=0.01
	2.68
	1.41
	0.87
	0.51
	1.68
	0.91
	0.62
	0.38

	
	p=0.1
	3.04
	1.60
	1.01
	0.58
	2.04
	1.09
	0.76
	0.45



Observation 3: For UE capability #1,
- By both average and best case method, NR TDD (DU) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DU) can fulfill user plane latency requirement of IMT-2020 for URLLC certain combination of assumptions.
4 Results for UE capability #2
In this section, preliminary evaluation results of NR user plane latency for UE capability #2 are provided. FDD and TDD mode (including two TDD configurations: DU and DSUUD) are considered. Both average method and best case method are applied.
4.1 NR FDD
For FDD, the DL and UL user plane latency results for mapping type B and A are given in Table 15, Table 16, Table 17 and Table 18, respectively. 
Table 15: DL UP latency results for NR FDD (UE capability #2 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	0.51
	0.29
	0.23
	0.46
	0.27
	0.22

	
	p=0.00001
	0.51
	0.29
	0.23
	0.46
	0.27
	0.22

	
	p=0.001
	0.51
	0.29
	0.23
	0.47
	0.27
	0.22

	
	p=0.01
	0.51
	0.29
	0.24
	0.47
	0.27
	0.23

	
	p=0.1
	0.58
	0.34
	0.27
	0.54
	0.32
	0.26

	4 OS non-slot
	p=0
	0.67
	0.37
	0.28
	0.61
	0.34
	0.26

	
	p=0.00001
	0.67
	0.37
	0.28
	0.61
	0.34
	0.26

	
	p=0.001
	0.67
	0.37
	0.28
	0.61
	0.34
	0.26

	
	p=0.01
	0.68
	0.38
	0.28
	0.62
	0.34
	0.26

	
	p=0.1
	0.77
	0.43
	0.32
	0.70
	0.40
	0.30

	7 OS non-slot
	p=0
	0.93
	0.50
	0.34
	0.79
	0.43
	0.30

	
	p=0.00001
	0.93
	0.50
	0.34
	0.79
	0.43
	0.30

	
	p=0.001
	0.93
	0.50
	0.34
	0.79
	0.43
	0.30

	
	p=0.01
	0.94
	0.51
	0.34
	0.80
	0.43
	0.31

	
	p=0.1
	1.04
	0.57
	0.39
	0.89
	0.49
	0.35



Table 16: UL UP latency results for NR FDD (UE capability #2 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	0.54
	0.30
	0.24
	0.46
	0.27
	0.22

	
	p=0.00001
	0.54
	0.30
	0.24
	0.46
	0.27
	0.22

	
	p=0.001
	0.54
	0.30
	0.24
	0.47
	0.27
	0.22

	
	p=0.01
	0.54
	0.31
	0.25
	0.47
	0.27
	0.23

	
	p=0.1
	0.62
	0.35
	0.28
	0.55
	0.32
	0.27

	4 OS non-slot
	p=0
	0.86
	0.46
	0.32
	0.61
	0.34
	0.26

	
	p=0.00001
	0.86
	0.46
	0.32
	0.61
	0.34
	0.26

	
	p=0.001
	0.86
	0.47
	0.32
	0.61
	0.34
	0.26

	
	p=0.01
	0.87
	0.47
	0.33
	0.62
	0.35
	0.26

	
	p=0.1
	0.96
	0.54
	0.37
	0.71
	0.41
	0.31

	7 OS non-slot
	p=0
	1.04
	0.55
	0.37
	0.79
	0.43
	0.30

	
	p=0.00001
	1.04
	0.55
	0.37
	0.79
	0.43
	0.30

	
	p=0.001
	1.01
	0.55
	0.37
	0.79
	0.43
	0.30

	
	p=0.01
	1.05
	0.56
	0.37
	0.80
	0.44
	0.31

	
	p=0.1
	1.19
	0.63
	0.42
	0.94
	0.50
	0.35

	14 OS slot
	p=0
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.00001
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.001
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.01
	1.81
	0.94
	0.56
	1.31
	0.69
	0.44

	
	p=0.1
	1.99
	1.03
	0.63
	1.49
	0.78
	0.50



Table 17: DL UP latency results for NR FDD (UE capability #2 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.02
	0.54
	0.36
	0.61
	0.34
	0.26

	
	p=0.00001
	1.02
	0.54
	0.36
	0.61
	0.34
	0.26

	
	p=0.001
	1.02
	0.54
	0.36
	0.61
	0.34
	0.26

	
	p=0.01
	1.03
	0.55
	0.37
	0.62
	0.35
	0.26

	
	p=0.1
	1.14
	0.64
	0.41
	0.72
	0.43
	0.30

	7 OS non-slot
	p=0
	1.13
	0.60
	0.39
	0.79
	0.43
	0.30

	
	p=0.00001
	1.13
	0.60
	0.39
	0.79
	0.43
	0.30

	
	p=0.001
	1.13
	0.60
	0.39
	0.79
	0.43
	0.30

	
	p=0.01
	1.14
	0.61
	0.39
	0.80
	0.44
	0.31

	
	p=0.1
	1.26
	0.70
	0.44
	0.91
	0.52
	0.35

	14 OS slot
	p=0
	1.79
	0.93
	0.55
	0.29
	0.68
	0.43

	
	p=0.00001
	1.79
	0.93
	0.55
	0.29
	0.68
	0.43

	
	p=0.001
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.01
	1.81
	0.94
	0.56
	1.31
	0.69
	0.44

	
	p=0.1
	1.99
	1.04
	0.63
	1.49
	0.79
	0.50



Table 18: UL UP latency results for NR FDD (UE capability #2 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.21
	0.64
	0.41
	0.71
	0.39
	0.29

	
	p=0.00001
	1.21
	0.64
	0.41
	0.71
	0.39
	0.29

	
	p=0.001
	1.22
	0.64
	0.41
	0.72
	0.39
	0.29

	
	p=0.01
	1.23
	0.65
	0.42
	0.73
	0.40
	0.29

	
	p=0.1
	1.40
	0.74
	0.46
	0.90
	0.49
	0.33

	7 OS non-slot
	p=0
	1.32
	0.70
	0.44
	0.82
	0.45
	0.31

	
	p=0.00001
	1.32
	0.70
	0.44
	0.82
	0.45
	0.31

	
	p=0.001
	1.32
	0.70
	0.44
	0.82
	0.45
	0.31

	
	p=0.01
	1.34
	0.71
	0.44
	0.84
	0.46
	0.32

	
	p=0.1
	1.52
	0.79
	0.49
	1.02
	0.54
	0.36

	14 OS slot
	p=0
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.00001
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.001
	1.79
	0.93
	0.55
	1.29
	0.68
	0.43

	
	p=0.01
	1.81
	0.94
	0.56
	1.31
	0.69
	0.44

	
	p=0.1
	1.99
	1.04
	0.63
	1.49
	0.79
	0.50



Observation 4: For UE capability #2,
- By both average and best case method, NR FDD can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR FDD can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
4.2 NR TDD
For NR TDD, two DL/UL configurations are considered: 
Configuration 1. DSUUD 
Configuration 2. DU.
3.1.3 TDD configuration 1
For the “S” slot in UL/DL configuration 1 with DSUUD structure, slot format with 11 DL symbols and 3 UL symbols are assumed. The DL and UL user plane latency results for mapping type B and A are given in Table 19, Table 20, Table 21 and Table 22, respectively.
Table 19: DL user plane latency results for NR TDD-DSUUD (UE capability #2 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1.01
	0.54
	0.36
	0.46
	0.27
	0.22

	
	p=0.00001
	1.01
	0.54
	0.36
	0.46
	0.27
	0.22

	
	p=0.001
	1.01
	0.54
	0.36
	0.47
	0.27
	0.22

	
	p=0.01
	1.05
	0.56
	0.37
	0.49
	0.28
	0.23

	
	p=0.1
	1.43
	0.75
	0.47
	0.69
	0.38
	0.28

	4 OS non-slot
	p=0
	1.16
	0.62
	0.40
	0.61
	0.34
	0.26

	
	p=0.00001
	1.16
	0.62
	0.40
	0.61
	0.34
	0.26

	
	p=0.001
	1.17
	0.62
	0.40
	0.61
	0.34
	0.26

	
	p=0.01
	1.20
	0.64
	0.41
	0.63
	0.35
	0.26

	
	p=0.1
	1.58
	0.83
	0.50
	0.84
	0.45
	0.32

	7 OS non-slot
	p=0
	1.47
	0.77
	0.48
	0.79
	0.43
	0.30

	
	p=0.00001
	1.47
	0.77
	0.48
	0.79
	0.43
	0.30

	
	p=0.001
	1.48
	0.77
	0.48
	0.79
	0.43
	0.30

	
	p=0.01
	1.51
	0.79
	0.49
	0.81
	0.44
	0.31

	
	p=0.1
	1.90
	0.99
	0.58
	1.04
	0.55
	0.37



Table 20: UL user plane latency results for NR TDD-DSUUD (UE capability #2 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	1.39
	0.73
	0.46
	0.46
	0.27
	0.22

	
	p=0.00001
	1.39
	0.73
	0.46
	0.46
	0.27
	0.22

	
	p=0.001
	1.40
	0.73
	0.46
	0.47
	0.27
	0.22

	
	p=0.01
	1.44
	0.76
	0.47
	0.49
	0.28
	0.23

	
	p=0.1
	1.85
	0.96
	0.57
	0.76
	0.41
	0.30

	4 OS non-slot
	p=0
	1.91
	0.99
	0.58
	0.61
	0.34
	0.26

	
	p=0.00001
	1.91
	0.99
	0.58
	0.61
	0.34
	0.26

	
	p=0.001
	1.91
	0.99
	0.59
	0.61
	0.34
	0.26

	
	p=0.01
	1.95
	1.01
	0.60
	0.64
	0.36
	0.27

	
	p=0.1
	2.38
	1.22
	0.70
	0.96
	0.51
	0.35

	7 OS non-slot
	p=0
	2.09
	1.08
	0.63
	0.79
	0.43
	0.30

	
	p=0.00001
	2.09
	1.08
	0.63
	0.79
	0.43
	0.30

	
	p=0.001
	2.09
	1.08
	0.63
	0.79
	0.43
	0.30

	
	p=0.01
	2.13
	1.10
	0.64
	0.82
	0.45
	0.31

	
	p=0.1
	2.56
	1.31
	0.75
	1.14
	0.60
	0.39

	14 OS slot
	p=0
	2.39
	1.23
	0.70
	1.29
	0.68
	0.43

	
	p=0.00001
	2.39
	1.23
	0.70
	1.29
	0.68
	0.43

	
	p=0.001
	2.39
	1.23
	0.70
	1.29
	0.68
	0.43

	
	p=0.01
	2.43
	1.25
	0.71
	1.33
	0.70
	0.44

	
	p=0.1
	2.83
	1.45
	0.81
	1.69
	0.88
	0.53



Table 21: DL user plane latency results for NR TDD-DSUUD (UE capability #2 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.56
	0.81
	0.50
	0.57
	0.32
	0.25

	
	p=0.00001
	1.56
	0.81
	0.50
	0.57
	0.32
	0.25

	
	p=0.001
	1.56
	0.82
	0.50
	0.57
	0.32
	0.25

	
	p=0.01
	1.60
	0.84
	0.51
	0.60
	0.34
	0.26

	
	p=0.1
	1.99
	1.03
	0.60
	0.85
	0.46
	0.32

	7 OS non-slot
	p=0
	1.71
	0.89
	0.53
	0.79
	0.43
	0.30

	
	p=0.00001
	1.71
	0.89
	0.53
	0.79
	0.43
	0.30

	
	p=0.001
	1.71
	0.89
	0.54
	0.79
	0.43
	0.30

	
	p=0.01
	1.75
	0.91
	0.55
	0.81
	0.44
	0.31

	
	p=0.1
	2.15
	1.11
	0.64
	1.06
	0.57
	0.37

	14 OS slot
	p=0
	2.39
	1.23
	0.70
	1.29
	0.68
	0.43

	
	p=0.00001
	2.39
	1.23
	0.70
	1.29
	0.68
	0.43

	
	p=0.001
	2.39
	1.23
	0.70
	1.29
	0.68
	0.43

	
	p=0.01
	2.43
	1.25
	0.71
	1.32
	0.69
	0.44

	
	p=0.1
	2.83
	1.45
	0.81
	1.59
	0.83
	0.50



Table 22: UL user plane latency results for NR TDD-DSUUD (UE capability #2 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	2.27
	1.17
	0.68
	0.57
	0.32
	0.25

	
	p=0.00001
	2.27
	1.17
	0.68
	0.57
	0.32
	0.25

	
	p=0.001
	2.28
	1.17
	0.68
	0.58
	0.32
	0.25

	
	p=0.01
	2.32
	1.20
	0.69
	0.61
	0.34
	0.26

	
	p=0.1
	2.75
	1.41
	0.80
	0.97
	0.52
	0.35

	7 OS non-slot
	p=0
	2.49
	1.28
	0.73
	0.79
	0.43
	0.30

	
	p=0.00001
	2.49
	1.28
	0.73
	0.79
	0.43
	0.30

	
	p=0.001
	2.49
	1.28
	0.73
	0.79
	0.43
	0.30

	
	p=0.01
	2.53
	1.30
	0.74
	0.83
	0.45
	0.31

	
	p=0.1
	2.97
	1.52
	0.85
	1.19
	0.63
	0.41

	14 OS slot
	p=0
	2.99
	1.53
	0.85
	1.29
	0.68
	0.43

	
	p=0.00001
	2.99
	1.53
	0.85
	1.29
	0.68
	0.43

	
	p=0.001
	2.99
	1.53
	0.85
	1.29
	0.68
	0.43

	
	p=0.01
	3.03
	1.55
	0.87
	1.33
	0.70
	0.44

	
	p=0.1
	3.47
	1.77
	0.98
	1.69
	0.89
	0.53



Observation 5: For UE capability #2,
- By both average and best case method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.

3.1.4 TDD configuration 2
Another DL/UL configuration DU is also considered. The DL and UL user plane latency results for mapping type B and A are given in Table 23, Table 24, Table 25 and Table 26, respectively.
Table 23: DL user plane latency results for NR TDD-DU (UE capability #2 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	0.81
	0.44
	0.31
	0.46
	0.27
	0.22

	
	p=0.00001
	0.81
	0.44
	0.31
	0.46
	0.27
	0.22

	
	p=0.001
	0.81
	0.44
	0.31
	0.47
	0.27
	0.22

	
	p=0.01
	0.82
	0.45
	0.31
	0.48
	0.27
	0.23

	
	p=0.1
	0.99
	0.53
	0.36
	0.58
	0.32
	0.26

	4 OS non-slot
	p=0
	1.03
	0.55
	0.37
	0.61
	0.34
	0.26

	
	p=0.00001
	1.03
	0.55
	0.37
	0.61
	0.34
	0.26

	
	p=0.001
	1.04
	0.55
	0.37
	0.61
	0.34
	0.26

	
	p=0.01
	1.05
	0.56
	0.37
	0.62
	0.35
	0.26

	
	p=0.1
	1.22
	0.65
	0.41
	0.74
	0.40
	0.30

	7 OS non-slot
	p=0
	1.36
	0.71
	0.45
	0.79
	0.43
	0.30

	
	p=0.00001
	1.36
	0.71
	0.45
	0.79
	0.43
	0.30

	
	p=0.001
	1.36
	0.72
	0.45
	0.79
	0.43
	0.30

	
	p=0.01
	1.38
	0.72
	0.45
	0.80
	0.44
	0.31

	
	p=0.1
	1.55
	0.81
	0.50
	0.94
	0.50
	0.35



Table 24: UL user plane latency results for NR TDD-DU (UE capability #2 and mapping type B)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	2 OS non-slot
	p=0
	0.82
	0.45
	0.31
	0.46
	0.27
	0.22

	
	p=0.00001
	0.82
	0.45
	0.31
	0.46
	0.27
	0.22

	
	p=0.001
	0.82
	0.45
	0.31
	0.47
	0.27
	0.22

	
	p=0.01
	0.84
	0.46
	0.32
	0.48
	0.27
	0.23

	
	p=0.1
	1
	0.54
	0.36
	0.58
	0.32
	0.26

	4 OS non-slot
	p=0
	1.23
	0.65
	0.42
	0.61
	0.34
	0.26

	
	p=0.00001
	1.23
	0.65
	0.42
	0.61
	0.34
	0.26

	
	p=0.001
	1.23
	0.65
	0.42
	0.61
	0.34
	0.26

	
	p=0.01
	1.25
	0.66
	0.42
	0.62
	0.35
	0.26

	
	p=0.1
	1.42
	0.75
	0.47
	0.76
	0.40
	0.30

	7 OS non-slot
	p=0
	1.41
	0.74
	0.46
	0.79
	0.43
	0.30

	
	p=0.00001
	1.41
	0.74
	0.46
	0.79
	0.43
	0.30

	
	p=0.001
	1.41
	0.74
	0.46
	0.79
	0.43
	0.30

	
	p=0.01
	1.43
	0.75
	0.46
	0.80
	0.44
	0.31

	
	p=0.1
	1.60
	0.83
	0.51
	0.94
	0.50
	0.35

	14 OS slot
	p=0
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.00001
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.001
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.01
	2.31
	1.19
	0.69
	1.31
	0.69
	0.44

	
	p=0.1
	2.49
	1.29
	0.78
	1.49
	0.79
	0.53



Table 25: DL user plane latency results for NR TDD-DU (UE capability #2 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.51
	0.79
	0.48
	0.61
	0.34
	0.26

	
	p=0.00001
	1.51
	0.79
	0.48
	0.61
	0.34
	0.26

	
	p=0.001
	1.51
	0.79
	0.48
	0.61
	0.34
	0.26

	
	p=0.01
	1.53
	0.80
	0.49
	0.62
	0.35
	0.26

	
	p=0.1
	1.69
	0.88
	0.53
	0.78
	0.43
	0.30

	7 OS non-slot
	p=0
	1.62
	0.85
	0.51
	0.79
	0.43
	0.30

	
	p=0.00001
	1.62
	0.85
	0.51
	0.79
	0.43
	0.30

	
	p=0.001
	1.62
	0.85
	0.51
	0.79
	0.43
	0.30

	
	p=0.01
	1.64
	0.85
	0.52
	0.80
	0.44
	0.31

	
	p=0.1
	1.81
	0.94
	0.56
	0.96
	0.52
	0.35

	14 OS slot
	p=0
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.00001
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.001
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.01
	2.31
	1.19
	0.69
	1.31
	0.69
	0.44

	
	p=0.1
	2.49
	1.29
	0.78
	1.49
	0.79
	0.53



Table 26: UL user plane latency results for NR TDD-DU (UE capability #2 and mapping type A)
	Slot / non-slot duration
	Error probability
	Average method
	Best case method

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

	4 OS non-slot
	p=0
	1.57
	0.82
	0.50
	0.57
	0.32
	0.25

	
	p=0.00001
	1.57
	0.82
	0.50
	0.57
	0.32
	0.25

	
	p=0.001
	1.57
	0.82
	0.50
	0.57
	0.32
	0.25

	
	p=0.01
	1.59
	0.83
	0.51
	0.59
	0.33
	0.25

	
	p=0.1
	1.77
	0.92
	0.55
	0.77
	0.42
	0.30

	7 OS non-slot
	p=0
	1.79
	0.93
	0.55
	0.79
	0.43
	0.30

	
	p=0.00001
	1.79
	0.93
	0.55
	0.79
	0.43
	0.30

	
	p=0.001
	1.79
	0.93
	0.55
	0.79
	0.43
	0.30

	
	p=0.01
	1.81
	0.94
	0.56
	0.81
	0.44
	0.31

	
	p=0.1
	1.99
	1.03
	0.60
	0.99
	0.53
	0.35

	14 OS slot
	p=0
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.00001
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.001
	2.29
	1.18
	0.68
	1.29
	0.68
	0.43

	
	p=0.01
	2.31
	1.19
	0.69
	1.31
	0.69
	0.44

	
	p=0.1
	2.49
	1.28
	0.78
	1.49
	0.78
	0.53



Observation 6: For UE capability #2,
- By both average and best case method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions
5 Conclusions
In this contribution, user plane latency evaluation procedure is discussed and we have the following proposal:
Proposal 1: Packet arrival at any timing of any OFDM symbol in a radio frame with uniform probability is proposed.
Proposal 2: UE PDSCH processing time equals to Tproc,1 with d1,1=0 and d1,2 selected according to resource mapping type and UE capability defined in section 5.3 of TS38.214 [3]; PUSCH processing time equals to Tproc,2　with d2,1= d2,2= d2,3=0 as defined in Section 6.4 of TS38.214 [3].
Proposal 3: Assuming BS processing delay for NACK reception and DL data (re)transmission preparation is equal to/less than UE PUSCH preparation time, and BS processing delay for PUSCH data reception and preparation for re-transmission schedule is equal to/less than UE PDSCH procedure time in self evaluation.
Proposal 4: Assume PDCCH and PUCCH occasion occur at every OFDM symbol and 1 symbol PDCCH and 1 symbol PUCCH are considered.
Proposal 5: Two options are proposed for UP latency calculation:
Option-1 Average method: It is average value considering all data arrival cases.
Option-2 Best case method: The instant case which can achieve the minimum UP latency among all the cases. 
Preliminary evaluation results of NR user plane latency are provided. The evaluation is applied to both UE capability #1 and UE capability #2 with PDSCH/PUSCH mapping Type A and Type B. And both average and best case method are applied. The following observations are made:
Observation 1: For UE capability #1,
Observation 1: For UE capability #1,
- By both average and best case method, NR FDD can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By both average and best case method, NR FDD can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
Observation 2: For UE capability #1,
- By both average and best case method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
Observation 3: For UE capability #1,
- By both average and best case method, NR TDD (DU) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DU) can fulfill user plane latency requirement of IMT-2020 for URLLC certain combination of assumptions.
Observation 4: For UE capability #2,
- By both average and best case method, NR FDD can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR FDD can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
Observation 5: For UE capability #2,
- By both average and best case method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
Observation 6: For UE capability #2,
- By both average and best case method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for eMBB under all types of SCS, and all first transmission BLER cases evaluated;
- By average method, NR TDD (DSUUD) can fulfill user plane latency requirement of IMT-2020 for URLLC under certain combination of assumptions.
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