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1 Introduction
In this document, the evaluation method and preliminary evaluation results of NR user plane latency are provided, taking into account the impact of resource allocation indication for DL and UL, i.e., the start and length indicator. The evaluation is applied to UE capability 1 (PDSCH processing capability 1), with PDSCH/PUSCH mapping Type A and Type B. The cases of NR FDD, TDD, and TDD+SUL are investigated. 

2 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


3 User plane latency evaluation
Based on the definition and the evaluation method provided in Report ITU-R M.2412 [2], the components of user plane latency are listed in Table 2. 
Table 2 Components of UP latency
	ID
	Component
	Notations

	1
	UE processing delay
	tUE=tUE,rx + tUE,tx
For DL: tUE,rx is the time interval between the PDSCH is  received and the data is decoded; tUE,tx is the time interval between the data is decoded, and ACK/NACK packet is generated.
For UL: tUE,tx is the time interval between the data is arrived, and packet is generated; tUE,rx is the time interval between the ACK is  received and the ACK is decoded.

	2
	Frame alignment (transmission alignment)
	tFA,DL or tFA,UL
It includes the waiting time (e.g., in TDD, data transmission needs to wait for the next available DL/UL non-slot/slot)

	3
	TTI for data packet transmission
	tdata_duration

	4
	HARQ retransmission
	tHARQ

	5
	BS processing delay
	tBS=tBS,rx + tBS,tx
For UL: tBS,rx is the time interval between the PUSCH is  received and the data is decoded; tBS,tx is the time interval between the data is decoded, and ACK/NACK packet is generated.
For DL: tBS,tx is the time interval between the data is arrived, and packet is generated; tBS,rx is the time interval between the ACK is  received and the ACK is decoded.

	-
	Total one way user plane latency for DL
	tUP= (tBS,tx + tFA,DL) + tdata_duration + tUE,rx + n×tHARQ
where tHARQ = (tUE,tx + tFA,UL) + tdata_duration + tBS,rx + (tBS,tx + tFA,DL) + tdata_duration + tUE,rx, and n is the number of re-transmissions (n≥0)

	
	Total one way user plane latency for UL
	tUP= (tUE,tx + tFA,UL) + tdata_duration + tBS,rx + n×tHARQ
where tHARQ = (tBS,tx + tFA,DL) + tdata_duration + tUE,rx + (tUE,tx + tFA,UL) + tdata_duration + tBS,rx, and n is the number of re-transmissions (n≥0)



The use of these components in a BS-to-UE data transmission procedure is further illustrated in Figure 1.
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Figure 1 Illustration of UP latency components
It is  noted that the values of the above components are related to frame structure and numerology, UE capability on processing, 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.
3.1 UE and BS processing time
The UE processing time, tUE, has been agreed in RAN1#90bis, known as UE capability 1 (PDSCH processing capability 1). For different configurations, the value of tUE is expressed in terms of OFDM symbols, say K OFDM symbols, as listed in Table 3 (see section 5.3 in [3]). The values under “No additional PDSCH DM-RS configured” are used.
Table 3 UE processing time (PDSCH processing capability 1)
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	Sub-carrier spacing
	PDSCH decoding time N1 [symbols]

	
	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0 
	15 kHz
	8
	13

	1
	30 kHz
	10
	13

	2
	60 kHz
	17
	20

	3
	120 kHz
	20
	24


In the analysis we further assume that BS processing time, tBS, is the same as that of UE’s. This assumption is for the sake of initial evaluation. Other BS processing time assumptions can be evaluated.
For this preliminary evaluation, it is further assumed that the two parts of tUE and tBS, that is, tX,rx and tX,tx, are equal. 
Based on these assumptions, one has
tBS,rx = tBS,tx = tUE,rx = tUE,tx = K/2
3.2 User plane latency of FDD
For NR FDD, the user plane latency is calculated according to Table 2. 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. Therefore, it is reasonable to assume that there is no alignment delay as once the data arrived at the transmitter is processed, it can be transmitted immediately. Therefore the frame alignment can be assumed to be 0 for NR FDD, i.e., tFA,DL = tFA,UL = 0.
If the number of OFDM symbols per non-slot is M, then tdata_duration=M; the average one-way latency can be calculated as below,
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where p is the error probability of the first HARQ retransmission. 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 4 and Table 5, respectively, by assuming that UE processing time is from front-loaded DMRS only configuration [3].
Table 4 DL User plane latency results for NR FDD (UE capability 1)
	Slot / non-slot duration
	Error probability
	SCS

	
	
	15 kHz
	30kHz
	60 kHz

	
	
	FDD
	FDD
	FDD

	M=2
(2OS non-slot)
	p=0 
	0.71 
	0.43 
	0.34 

	
	p=0.1
	0.86 
	0.51 
	0.41 

	M =4
(4OS non-slot) 
	p=0 
	0.86 
	0.50 
	0.38 

	
	p=0.1
	1.03 
	0.60 
	0.45 

	M =7
(7OS non-slot)
	p=0 
	1.07 
	0.61 
	0.43 

	
	p=0.1
	1.29 
	0.73 
	0.51 

	M =14
(14OS slot)
	p=0 
	1.57 
	0.86 
	0.55 

	
	p=0.1
	1.89 
	1.03 
	0.66 


Table 5 UL User plane latency results for NR FDD (UE capability 1)
	Slot / non-slot duration
	Error probability
	SCS

	
	
	15 kHz
	30kHz
	60 kHz

	
	
	FDD
	FDD
	FDD

	M=2
(2OS non-slot)
	p=0 
	0.71 
	0.43 
	0.34 

	
	p=0.1
	0.86 
	0.51 
	0.41 

	M =4
(4OS non-slot) 
	p=0 
	0.86 
	0.50 
	0.38 

	
	p=0.1
	1.03 
	0.60 
	0.45 

	M =7
(7OS non-slot)
	p=0 
	1.07 
	0.61 
	0.43 

	
	p=0.1
	1.29 
	0.73 
	0.51 

	M =14
(14OS slot)
	p=0 
	1.57 
	0.86 
	0.55 

	
	p=0.1
	1.89 
	1.03 
	0.66 


Observation 1: NR FDD can fulfil user plane latency requirement of IMT-2020 with UE capability 1.
3.3 User plane latency of TDD with and without SUL
For NR TDD and TDD+SUL, the user plane latency is calculated according to Table 2. 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 in practical systems. Similar assumption of UE capability to NR FDD is assumed, i.e., the UE processing time is from front-loaded DMRS only configuration [3].
Resource allocation in time domain is taken into account for both DL and UL, i.e., PDSCH/PUSCH mapping Type A/B for combinations of valid starting symbol index relative to the start of the slot and the number of consecutive symbols. 
When re-transmission occurs, the round trip time of HARQ should also be included, which is derived according to the processing time and specific DL/UL configuration.
For frame alignment,
· In case of TDD, the frame alignment delay for both DL and UL, tFA,DL and tFA,UL, might be larger than 0 due to the DL/UL configuration (the time needed to wait for the next available DL/UL slot/non-slot). 
· The latency can be reduced by using TDD+SUL. In this case, the frame alignment delay of UL, tFA,UL, is reduced to approximately 0, which can reduce the latency (especially for UL) significantly.
The user plane latency results for NR TDD and TDD+SUL are presented. 
For PDSCH/PUSCH mapping Type A, the DL and UL evaluation results are presented in Table 6 and Table 7, respectively. It is noted that PDSCH/PUSCH mapping Type A is more likely to be used for eMBB user terminals.
Table 6 DL user plane latency results for NR TDD (DL:UL=4:1) and SUL (Type A and UE capability 1)
	Slot / non-slot duration
	Error probability
	SCS

	
	
	15 kHz
	30kHz
	60 kHz

	
	
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL

	M=2
(2OS non-slot)
	p=0 
	1.00 
	1.00 
	0.59 
	0.59 
	0.43 
	0.43 

	
	p=0.1
	1.36 
	1.17 
	0.79 
	0.69 
	0.55 
	0.50 

	M =4
(4OS non-slot) 
	p=0 
	1.23 
	1.23 
	0.69 
	0.69 
	0.49 
	0.49 

	
	p=0.1
	1.63 
	1.43 
	0.89 
	0.80 
	0.61 
	0.56 

	M =7
(7OS non-slot)
	p=0 
	1.45 
	1.44 
	0.82 
	0.82 
	0.57 
	0.57 

	
	p=0.1
	1.87 
	1.68 
	1.04 
	0.95 
	0.71 
	0.67 

	M =14
(14OS slot)
	p=0 
	2.13 
	2.13 
	1.19 
	1.19 
	0.74 
	0.74 

	
	p=0.1
	2.67 
	2.50 
	1.48 
	1.39 
	0.89 
	0.85 


Table 7 UL user plane latency results for NR TDD (DL:UL=4:1) and SUL (Type A and UE capability 1)
	Slot / non-slot duration
	Error probability
	SCS

	
	
	15 kHz
	30kHz
	60 kHz

	
	
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL

	M=2
(2OS non-slot)
	p=0 
	2.37 
	0.83 
	1.25 
	0.48 
	0.75 
	0.37 

	
	p=0.1
	2.71 
	0.98 
	1.43 
	0.58 
	0.86 
	0.43 

	M =4
(4OS non-slot) 
	p=0 
	2.74 
	1.04 
	1.45 
	0.59 
	0.85 
	0.42 

	
	p=0.1
	3.13 
	1.24 
	1.65 
	0.71 
	0.96 
	0.50 

	M =7
(7OS non-slot)
	p=0 
	3.29 
	1.29 
	1.72 
	0.71 
	0.98 
	0.48 

	
	p=0.1
	3.74 
	1.54 
	1.95 
	0.85 
	1.11 
	0.57 

	M =14
(14OS slot)
	p=0 
	3.85 
	1.79 
	2.00 
	0.96 
	1.12 
	0.61 

	
	p=0.1
	4.37 
	2.14 
	2.27 
	1.16 
	1.28 
	0.73 


For PDSCH/PUSCH mapping Type B, the DL and UL evaluation results are presented in Table 8 and Table 9, respectively. It is noted that PDSCH/PUSCH mapping Type B is more likely to be used for URLLC user terminals.
Table 8 DL user plane latency results for NR TDD (DL:UL=4:1) and SUL (Type B and UE capability 1)

	Slot / non-slot duration
	Error probability
	SCS

	
	
	15 kHz
	30kHz
	60 kHz

	
	
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL

	M=2
(2OS non-slot)
	p=0 
	0.91 
	0.91 
	0.55 
	0.55 
	0.42 
	0.42 

	
	p=0.1
	1.26 
	1.04 
	0.73 
	0.63 
	0.54 
	0.48 

	M =4
(4OS non-slot) 
	p=0 
	1.09 
	1.09 
	0.64 
	0.64 
	0.47 
	0.47 

	
	p=0.1
	1.46 
	1.26 
	0.84 
	0.74 
	0.59 
	0.54 

	M =7
(7OS non-slot)
	p=0 
	1.36 
	1.36 
	0.78 
	0.78 
	0.54 
	0.54 

	
	p=0.1
	1.77 
	1.57 
	1.00 
	0.90 
	0.67 
	0.62 

	M =14
(14OS slot)
	p=0 
	1.99 
	1.99 
	1.10 
	1.10 
	0.71 
	0.71 

	
	p=0.1
	2.51 
	2.32 
	1.37 
	1.28 
	0.87 
	0.82 


Table 9 UL user plane latency results for NR TDD (DL:UL=4:1) and SUL (Type B and UE capability 1)

	Slot / non-slot duration
	Error probability
	SCS

	
	
	15 kHz
	30kHz
	60 kHz

	
	
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL
	TDD
	TDD+ SUL

	M=2
(2OS non-slot)
	p=0 
	2.29 
	0.71 
	1.21 
	0.43 
	0.73 
	0.34 

	
	p=0.1
	2.62 
	0.85 
	1.38 
	0.51 
	0.83 
	0.40 

	M =4
(4OS non-slot) 
	p=0 
	2.54 
	0.86 
	1.34 
	0.50 
	0.80 
	0.38 

	
	p=0.1
	2.90 
	1.02 
	1.53 
	0.60 
	0.91 
	0.44 

	M =7
(7OS non-slot)
	p=0 
	2.92 
	1.07 
	1.53 
	0.61 
	0.89 
	0.43 

	
	p=0.1
	3.33 
	1.29 
	1.74 
	0.73 
	1.01 
	0.51 

	M =14
(14OS slot)
	p=0 
	3.80 
	1.57 
	1.97 
	0.86 
	1.11 
	0.55 

	
	p=0.1
	4.32 
	1.90 
	2.24 
	1.03 
	1.26 
	0.66 


Observation 2: NR TDD and TDD+SUL with DL-DL-DL-DL-UL pattern can fulfil both DL and UL user plane latency requirement of IMT-2020 with UE capability 1 and PDSCH/PUSCH mapping type A/B. 
Observation 3: With PDSCH/PUSCH mapping type B, both DL and UL user plane latency can be reduced compared with PDSCH/PUSCH mapping type A.
Observation 4: SUL can reduce DL and UL latency compared to TDD only operation.
4 Conclusions

In this document, we discussed NR performance in terms of user plane latency. The following observations are made.
Observation 1: NR FDD can fulfil user plane latency requirement of IMT-2020 with UE capability 1.
Observation 2: NR TDD and TDD+SUL with DL-DL-DL-DL-UL pattern can fulfil both DL and UL user plane latency requirement of IMT-2020 with UE capability 1 and PDSCH/PUSCH mapping type A/B. 
Observation 3: With PDSCH/PUSCH mapping type B, both DL and UL user plane latency can be reduced compared with PDSCH/PUSCH mapping type A.
Observation 4: SUL can reduce DL and UL latency compared to TDD only operation.
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