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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this document, the evaluation method and evaluation results of NR and LTE user plane latency are provided. This document is updated based on R1-1805937, added with the user plane latency evaluation of LTE. Further analysis on parameters assumptions for each step of DL and UL procedure are proposed. And the updated results of UP latency are given with PDSCH/PUSCH mapping Type A and Type B. The cases of NR FDD, TDD, and TDD+SUL are investigated. 
[bookmark: _Ref129681832]Metric definition and requirements
According to Report ITU-R M.2410 (see [1]), 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). It is defined as the one-way time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink in the network for a given service in unloaded conditions, assuming the mobile station is in the active state. 
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.
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.
Table 1 The requirements of user plane latency
	Technical performance requirement
	Values	

	DL/UL user plane latency for eMBB (ms)
	4

	DL/UL user plane latency for URLLC (ms)
	1



User plane latency evaluation for NR
Based on the definition and  the  evaluation method provided in Report ITU-R M.2412 [2], the BS-to-UE data transmission procedure is illustrated in Figure 1. Also, the detailed procedure of user plane latency are listed in Table 2 and Table 3 for UL and DL, with value of each component.
[image: ]
[bookmark: _Ref510692243]Figure 1 Illustration of UP latency components
The assumption for NR evaluation are provided in Table 2 and Table 3, respectively. For NR UL evaluation, grant free transmission is assumed.
[bookmark: _Ref510692107]Table 2 UL user plane procedure parameter 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, 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; for the first transmission, frame alignment time includes the waiting time for the starting symbol (see below).
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)

	1.4
	BS processing delay
	tBS,rx 
The time interval between the PUSCH is  received and the data is decoded;
	Tproc,1/2, d1,1=0;  d1,2 is selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”
NOTE: A strong BS capability is assumed: BS processing delay is equal to UE processing delay as for receiving PDSCH

	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, d1,1=0;  d1,2 is 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 the decoded.
	Tproc,2/2, 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)
Average TUP= T1 + p×THARQ
where p is the probability of re-transmissions


In the evaluation, the grant free transmission uses 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.

[bookmark: _Ref520477080]Table 3 DL user plane procedure parameter for NR
	ID
	Component
	Notations
	Value

	1
	DL data transfer
	T2 = (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. 

	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).

	1.4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	Tproc,1/2, d1,1=0;  d1,2 is selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	2
	HARQ retransmission
	THARQ = T1 + T2
T1 = (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, d1,1=0;  d1,2 is selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	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 as starting point;

	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.

	2.5
	Repeat DL data transfer from 1.1 to 1.4
	T2
	

	-
	Total one way user plane latency for DL
	TUP= T2 + n×THARQ
where n is the number of re-transmissions (n≥0)
Average TUP= T2 + p×THARQ
where p is the probability of re-transmissions



For evaluation of TDD 30kHz SCS + SUL 15kHz SCS, the value of  in Step 1.1, 1.4, 2.1 and 2.4 needs to be considered. The assumptions in are used for DL procedure. 
Table 4 Value of  for DL user plane procedure for TDD 30kHz SCS + SUL 15kHz SCS
	ID
	Component
	Notations
	Value

	1.1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	Initial transmission: Tproc,2 =30kHz) / 2. 
(This step is for preparing the packet. In initial transmission case, it is fair to assume the same capability as the BSs in TDD band only case.)
Re-transmission: Tproc,2 =15kHz) / 2.
(It is noted that the re-transmission is after Step 2.4. In this case, Step 2.4 + Step 1.1 = Tproc,2 =15kHz) )

	1.4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	Tproc,1 =30kHz)/2.
(For this step, the UE is processing PDSCH reception on TDD band with 30kHz SCS; it is fair to assume the same capability as the UEs in TDD band only case.)

	2.1
	UE processing delay
	tUE,tx 
The time interval between the data is decoded, and ACK/NACK packet is generated.
	Tproc,1( =15kHz) - Tproc,1( =30kHz)/2

(In this case, Step 1.4+Step 2.1 = Tproc,1( =15kHz))

	2.4
	BS processing delay
	tBS,rx 
The time interval between the ACK is  received and the ACK is decoded.
	Tproc,2( =15kHz)/2


The frame alignment time and waiting time calculation is given in the Appendix 1.  
It is noted that the values of the components are related to frame structure and numerology, UE processing capability, as well as PDSCH/PUSCH mapping type. These impact factors are further subject to duplexing schemes like FDD, TDD and TDD+SUL. Therefore, in the following we consider the user plane latnecy for in terms of the above aspects.
Evaluation of NR FDD
For NR FDD, the user plane latency is calculated according to Table 2 and Table 3. It is noted that in NR DL, the start and length indicator SLIV can be used to indicate the starting symbol relative to the start of the slot, and the number of consecutive symbols counting from the symbol allocated for the PDSCH. Similar mechanism is also introduced for PUSCH. Note that in this paper, grant free based UL transmission is considered in order to derive the lower bound of user plane latency performance.
The DL and UL user plane latency results for NR FDD are presented in Table 5 and Table 6, respectively.
[bookmark: _Ref510697760]Table 5  DL User plane latency results for NR FDD
	DL user plane latency – NR FDD
	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
	1.34 
	0.74 
	0.52 
	0.94 
	0.53 
	0.34 

	
	
	p=0.1
	1.53 
	0.84 
	0.62 
	1.05 
	0.63 
	0.39 

	
	M=7 (7OS non-slot)
	p=0
	1.46 
	0.80 
	0.55 
	1.07 
	0.60 
	0.37 

	
	
	p=0.1
	1.66 
	0.91 
	0.65 
	1.19 
	0.69 
	0.42 

	
	M=14 (14OS slot)
	p=0
	2.39 
	1.27 
	0.79 
	2.00 
	1.06 
	0.61 

	
	
	p=0.1
	2.69 
	1.47 
	0.91 
	2.30 
	1.21 
	0.68 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	0.97 
	0.56 
	0.43 
	0.47 
	0.30 
	0.22 

	
	
	p=0.1
	1.15 
	0.66 
	0.51 
	0.56 
	0.35 
	0.27 

	
	M=4 (4OS non-slot)
	p=0
	1.10 
	0.62 
	0.46 
	0.64 
	0.38 
	0.27 

	
	
	p=0.1
	1.29 
	0.73 
	0.55 
	0.74 
	0.44 
	0.31 

	
	M=7 (7OS non-slot)
	p=0
	1.29 
	0.71 
	0.51 
	0.89 
	0.51 
	0.33 

	
	
	p=0.1
	1.48 
	0.82 
	0.60 
	1.01 
	0.58 
	0.38 



[bookmark: _Ref510697762]Table 6  UL User plane latency results for NR FDD 
	UL user plane latency – NR FDD
	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
	1.54 
	0.84 
	0.57 
	1.14 
	0.63 
	0.39 

	
	
	p=0.1
	1.74 
	0.99 
	0.67 
	1.34 
	0.73 
	0.44 

	
	M=7 (7OS non-slot)
	p=0
	1.64 
	0.89 
	0.60 
	1.25 
	0.69 
	0.42 

	
	
	p=0.1
	1.84 
	1.04 
	0.70 
	1.45 
	0.79 
	0.47 

	
	M=14 (14OS slot)
	p=0
	2.39 
	1.27 
	0.79 
	2.00 
	1.06 
	0.61 

	
	
	p=0.1
	2.69 
	1.47 
	0.91 
	2.30 
	1.21 
	0.68 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.00 
	0.57 
	0.44 
	0.50 
	0.31 
	0.23 

	
	
	p=0.1
	1.18 
	0.68 
	0.52 
	0.59 
	0.37 
	0.27 

	
	M=4 (4OS non-slot)
	p=0
	1.29 
	0.71 
	0.51 
	0.82 
	0.47 
	0.31 

	
	
	p=0.1
	1.48 
	0.82 
	0.60 
	0.92 
	0.53 
	0.36 

	
	M=7 (7OS non-slot)
	p=0
	1.39 
	0.77 
	0.54 
	1.00 
	0.56 
	0.36 

	
	
	p=0.1
	1.59 
	0.88 
	0.62 
	1.13 
	0.63 
	0.41 



Observation 1: NR FDD can fulfil user plane latency requirement of IMT-2020.
Evaluation of NR TDD 
For NR TDD, the user plane latency is calculated according to Table 2 and Table 3. In the following, we give the user plane latency results for a DL dominated configuration (i.e., DL-DL-DL-DL-UL by “DDDSU”). This is for the consideration of the asymmetric traffic pattern that are observed in many deployment scenarios.  The evaluation results of NR TDD with DDDSU are provided in Table 7 and Table 8, respectively.
[bookmark: _Ref521619920]Table 7  DL User plane latency results for NR TDD (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
	1.53 
	0.84 
	0.57 
	1.14 
	0.63 
	0.39 

	
	
	p=0.1
	1.91 
	1.03 
	0.70 
	1.52 
	0.82 
	0.49 

	
	M=7 (7OS non-slot)
	p=0
	1.65 
	0.90 
	0.60 
	1.26 
	0.69 
	0.42 

	
	
	p=0.1
	2.03 
	1.09 
	0.72 
	1.64 
	0.88 
	0.52 

	
	M=14 (14OS slot)
	p=0
	2.59 
	1.37 
	0.84 
	2.20 
	1.16 
	0.66 

	
	
	p=0.1
	3.07 
	1.62 
	0.99 
	2.60 
	1.36 
	0.78 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.14 
	0.66 
	0.51 
	0.64 
	0.40 
	0.30 

	
	
	p=0.1
	1.51 
	0.85 
	0.62 
	1.01 
	0.59 
	0.40 

	
	M=4 (4OS non-slot)
	p=0
	1.26 
	0.72 
	0.54 
	0.80 
	0.48 
	0.34 

	
	
	p=0.1
	1.63 
	0.91 
	0.65 
	1.16 
	0.67 
	0.44 

	
	M=7 (7OS non-slot)
	p=0
	1.46 
	0.80 
	0.57 
	1.06 
	0.59 
	0.40 

	
	
	p=0.1
	1.83 
	0.99 
	0.70 
	1.43 
	0.78 
	0.49 



[bookmark: _Ref521619922]Table 8  UL User plane latency results for NR TDD (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
	3.54 
	1.84 
	1.07 
	3.14 
	1.63 
	0.89 

	
	
	p=0.1
	4.04 
	2.09 
	1.20 
	3.64 
	1.88 
	1.02 

	
	M=7 (7OS non-slot)
	p=0
	3.64 
	1.89 
	1.10 
	3.25 
	1.69 
	0.92 

	
	
	p=0.1
	4.14 
	2.14 
	1.22 
	3.75 
	1.94 
	1.04 

	
	M=14 (14OS slot)
	p=0
	4.39 
	2.27 
	1.29 
	4.00 
	2.06 
	1.11 

	
	
	p=0.1
	4.89 
	2.52 
	1.41 
	4.50 
	2.31 
	1.23 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	2.54 
	1.34 
	0.82 
	2.04 
	1.08 
	0.62 

	
	
	p=0.1
	3.03 
	1.59 
	0.95 
	2.53 
	1.33 
	0.74 

	
	M=4 (4OS non-slot)
	p=0
	3.09 
	1.61 
	0.96 
	2.62 
	1.37 
	0.76 

	
	
	p=0.1
	3.58 
	1.86 
	1.08 
	3.12 
	1.62 
	0.89 

	
	M=7 (7OS non-slot)
	p=0
	3.19 
	1.67 
	0.99 
	2.80 
	1.46 
	0.81 

	
	
	p=0.1
	3.69 
	1.92 
	1.11 
	3.29 
	1.71 
	0.93 



Observation 2: NR TDD with DDDSU can fulfill the requirement of IMT-2020 in most cases. 
Evaluation of NR TDD with SUL band
The challenge of TDD frame structure of DDDSU is that the uplink opportunity is limited. Therefore the DL user plane latency may suffer from the waiting time for the uplink slot for ACK feedback, while the UL user plane latency suffers from the limited transmission opportunity. By using supplementary uplink (SUL) band, this challenged can be addressed due to the additional band which provides the continuous uplink transmission opportunity. Therefore it is worthwhile to evaluate TDD with SUL band. The evaluation is according to Table 2 and Table 3. The evaluation results are shown in Table 9 and Table 10, respectively.
[bookmark: _Ref521619740]Table 9  DL User plane latency results for NR TDD with SUL
	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
	1.53 
	0.84 
	0.84 
	1.14 
	0.63 
	0.63 

	
	
	p=0.1
	1.75 
	1.01 
	0.95 
	1.27 
	0.74 
	0.74 

	
	M=7 (7OS non-slot)
	p=0
	1.65 
	0.90 
	0.90 
	1.26 
	0.69 
	0.69 

	
	
	p=0.1
	1.87 
	1.08 
	1.02 
	1.40 
	0.80 
	0.80 

	
	M=14 (14OS slot)
	p=0
	2.59 
	1.37 
	1.37 
	2.20 
	1.16 
	1.16 

	
	
	p=0.1
	2.91 
	1.60 
	1.59 
	2.52 
	1.37 
	1.32 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.14 
	0.66 
	0.66 
	0.64 
	0.40 
	0.40 

	
	
	p=0.1
	1.34 
	0.84 
	0.78 
	0.74 
	0.49 
	0.47 

	
	M=4 (4OS non-slot)
	p=0
	1.26 
	0.72 
	0.72 
	0.80 
	0.48 
	0.48 

	
	
	p=0.1
	1.47 
	0.90 
	0.84 
	0.92 
	0.58 
	0.55 

	
	M=7 (7OS non-slot)
	p=0
	1.46 
	0.80 
	0.80 
	1.06 
	0.59 
	0.59 

	
	
	p=0.1
	1.67 
	0.97 
	0.92 
	1.20 
	0.70 
	0.67 



[bookmark: _Ref521619742]Table 10  UL User plane latency results for NR TDD with SUL
	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
	1.54 
	1.49 
	0.84 
	1.14 
	1.16 
	0.63 

	
	
	p=0.1
	1.76 
	1.71 
	0.99 
	1.36 
	1.36 
	0.74 

	
	M=7 (7OS non-slot)
	p=0
	1.64 
	1.59 
	0.89 
	1.25 
	1.27 
	0.69 

	
	
	p=0.1
	1.86 
	1.82 
	1.04 
	1.47 
	1.47 
	0.80 

	
	M=14 (14OS slot)
	p=0
	2.39 
	2.34 
	1.27 
	2.00 
	2.02 
	1.06 

	
	
	p=0.1
	2.71 
	2.64 
	1.47 
	2.32 
	2.32 
	1.22 

	Resource mapping Type B
	M=2 (2OS non-slot)
	p=0
	1.00 
	0.96 
	0.57 
	0.64 
	0.40 
	0.31 

	
	
	p=0.1
	1.20 
	1.15 
	0.69 
	0.74 
	0.49 
	0.38 

	
	M=4 (4OS non-slot)
	p=0
	1.29 
	1.25 
	0.71 
	0.80 
	0.48 
	0.47 

	
	
	p=0.1
	1.49 
	1.44 
	0.83 
	0.92 
	0.58 
	0.55 

	
	M=7 (7OS non-slot)
	p=0
	1.39 
	1.36 
	0.77 
	1.06 
	0.59 
	0.56 

	
	
	p=0.1
	1.60 
	1.55 
	0.89 
	1.20 
	0.70 
	0.64 



Observation 3: NR TDD with DDDSU and SUL band can fulfil the requirement of IMT-2020. SUL can reduce DL and UL latency compared to TDD only operation in SCS 15kHz and 30kHz.
User plane latency evaluation for LTE
For LTE, the same procedure as NR is employed. For UL evaluation, semi-persistent scheduling (SPS) is used. The evaluation assumptions are given in Table 12 and Table 13.
[bookmark: _Ref521620971]Table 12 UL user plane procedure parameter 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



[bookmark: _Ref521620974]Table 13 DL user plane procedure parameter for LTE
	ID
	Component
	Notations
	Value

	1
	DL data transfer
	T2 = (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
T1 = (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 as starting point;

	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
	T2
	

	-
	Total one way user plane latency for DL
	TUP= T2 + n×THARQ
where n is the number of re-transmissions (n≥0)
Average TUP= T2 + p×THARQ
where p is the probability of re-transmissions



It is noted that, for FDD, the length of 1 TTI can be as short as 1/6ms, while for TDD, the shortest length of TTI is 0.5ms.
Evaluation of LTE FDD
For LTE FDD, the DL user plane latency is 4×TTI for 0% BLER and 4.8×TTI for 10% BLER. Due to the enhanced feature of short TTI and shortened processing time in Rel-15, the user plane latency performance was significantly improved.  For FDD, 2OS, 3OS and 7OS are supported for short TTI. The results of DL user plane latency are given inTable 14. The UL user plane latency is the same as DL with the assist of SPS to further reduce the impact of scheduling request procedure. The results of UL user plane latency is given inTable 15.
[bookmark: _Ref521621218]Table 14  DL User plane latency results for LTE FDD 
	TTI duration
	Error probability
	DL UP latency (ms)

	2OS
	p=0 
	0.57

	
	p=0.1
	0.69

	3OS
	p=0 
	0.86

	
	p=0.1
	1.03

	Mixed 2OS/3OS
	p=0 
	0.67

	
	p=0.1
	0.80

	7OS
	p=0 
	2.00

	
	p=0.1
	2.40



[bookmark: _Ref521621247]Table 15  UL User plane latency results for LTE FDD 
	TTI duration
	Error probability
	UL UP latency (ms)

	2OS
	p=0 
	0.57

	
	p=0.1
	0.69

	3OS
	p=0 
	0.86

	
	p=0.1
	1.03

	Mixed 2OS/3OS
	p=0 
	0.67

	
	p=0.1
	0.80

	7OS
	p=0 
	2.00

	
	p=0.1
	2.40



Observation 4: LTE FDD can fulfil user plane latency requirement of IMT-2020 with short TTI, i.e., 2OS TTI, 3OS TTI, mixed 2OS/3OS TTI and 7OS.
Evaluation of LTE TDD
For LTE TDD, the user plane latency is highly dependent on the DL/UL configuration and also the TTI length. Different from LTE FDD, only slot based short TTI is supported, i.e., short TTI length is 7OS. In Table 15, the DL and UL user plane latency for LTE TDD are given for DL/UL configuration 2 (DSUDD) with 7OS short TTI.
[bookmark: _Ref521621450]Table 15  DL and UL user plane latency results for LTE TDD (DSUDD) with 7OS short TTI
	DL/UL
	Criterion
	Error probability
	UP latency (ms)

	Downlink
	Average case
	p=0 
	2.30

	
	
	p=0.1
	2.85

	
	Best case
	p=0 
	2.00

	
	
	p=0.1
	2.40

	Uplink
	Average case
	p=0 
	3.80

	
	
	p=0.1
	4.30

	
	Best case
	p=0 
	2.00

	
	
	p=0.1
	2.45



Observation 5: LTE TDD can fulfil user plane latency requirement of IMT-2020 with TDD DL/UL configuration 2 and 7OS short TTI.
Proposal: Capture the evaluation results in Section 3 and 4 into TR37.910.
Conclusions
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this document, we discussed NR performance in terms of user plane latency. The following observations and proposal are made.
Observation 1: NR FDD can fulfil user plane latency requirement of IMT-2020.
Observation 2: NR TDD with DDDSU can fulfill the requirement of IMT-2020 in most cases. 
Observation 3: NR TDD with DDDSU and SUL band can fulfil the requirement of IMT-2020. SUL can reduce DL and UL latency compared to TDD only operation in SCS 15kHz and 30kHz.
Observation 4: LTE FDD can fulfil user plane latency requirement of IMT-2020 with short TTI, i.e., 2OS TTI, 3OS TTI, mixed 2OS/3OS TTI and 7OS.
Observation 5: LTE TDD can fulfil user plane latency requirement of IMT-2020 with TDD DL/UL configuration 2 and 7OS short TTI.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: Capture the evaluation results in Section 3 and 4 into TR37.910.
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Appendix 1: Frame alignment time and waiting time calculation for NR
Frame alignment time of PDCCH in Step 2.3 for UL data transfer is considered separately. For UL UP latency evaluation, the same resource mapping type as PUSCH is assumed for PDCCH in Step 2.3. 
Frame alignment time of PUCCH in Step 2.3 in DL data transfer is considered separately. For DL UP latency evaluation, the PUCCH is assumed to be able to be transmitted at every OFDM symbol. However, the transmission cannot be across the slot boundary.
If the end of one step is at the middle of one OFDM symbol, one needs to count the remaining time of the OFDM symbol as “symbol alignment time”.
For PDCCH monitoring occasion, the following option is used,
· Option 1: PDCCH monitoring occasion occurs at every OFDM symbol. In this case, the PDCCH has the possibility to be transmitted at every OFDM symbol. It is further decided by the PDSCH resource mapping type.
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