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1 Introduction

This paper reviews the definition of user plane latency in TR 38.913 [1] and working document of ITU-R performance requirements for IMT-2020 [2], and analyze NR user plane latency with assumptions on NR physical layer parameters.

2 Discussion
The definitions and target requirements of user plane latency in TR 38.913 [1] and the working document of ITU-R performance requirement for IMT-2020 [2] are slightly different, but their technical meaning is almost identical. They are copied below.
[TR 38.913]

Definition: The 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 via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
Requirement: 4ms for eMBB, 0.5ms for URLLC

[ITU-R]
Definition: 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.
Requirement: 4ms for eMBB, 1ms for URLLC

The definition seems clear, i.e., the user plane latency should be the radio interface latency from the time when transmitter PDCP receives an IP packet to the time when receiver PDCP successfully receives the IP packet (and delivers the packet to the upper layer).

Observation 1. 
The user plane latency is the radio interface latency from the time when transmitter PDCP receives an IP packet to the time when receiver PDCP successfully receives the IP packet.

The following figure 1 shows modelling used for LTE user plane latency analysis in FDD and TDD frame structures. [3] The same model can be reused for NR user plane latency analysis as the model is generic enough.

Observation 2. 
User plane latency analysis model for LTE can be reused for NR.
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Figure 1. LTE user plane latency for FDD (left) and TDD (right) frame structures
Even though the same model can be used, the detailed PHY parameters and assumptions in the model should be reviewed carefully and discussed one by one.

For FDD, the following parameters are needed to calculate user plane latency. RAN1 defined a number of configurations for each parameter. This analysis assumes the shortest mini-slot length (i.e. 2 symbols) and 15 kHz, 30 kHz and 60 kHz subcarrier spacings. The same approach used for LTE can be re-used in transmitter and receiver processing delay, i.e., same as TTI. HARQ RTT needs further discussion. But HARQ RTT is assumed to be same as LTE or reduced to 2 TTI as examples.
· Subcarrier spacing: 15 kHz, 30 kHz, 60 kHz, …

· OFDM symbols per TTI: 2 for mini-slot

· Transmitter processing delay: same as TTI

· TTI: dependent to subcarrier spacing and number of symbols per TTI

· Receiver processing delay: same as TTI

· HARQ RTT: 4 or 8 TTIs (assuming 2 or 4 TTIs for HARQ feedback timing)
Table 1 shows overall user plane latency for LTE and 2 selected PHY configurations of NR in FDD frame structure. NR-FDD-1 configuration assumes 15 kHz subcarrier spacing and 2 symbol TTI with 8 TTI HARQ RTT that leads to 0.571 ms user plane latency without HARQ retransmission, and 0.685 ms with 10% HARQ BLER. NR-FDD-2 configuration assumes 60 kHz subcarrier spacing, 2 symbol TTI with 4 TTI HARQ RTT that leads to 0.1429 ms and 0.1572 ms user plane latency with and without HARQ retransmission.
Table 1. User plane latency w/ and w/o HARQ retransmission for FDD frame structure
	
	LTE Rel.10
	NR-FDD-1
	NR-FDD-2

	Subcarrier Spacing
	15 kHz
	15 kHz
	60 kHz

	OFDM symbols per TTI
	14
	2
	2

	(1.1) Transmitter processing delay
	1 ms
	0.143 ms
	0.0357 ms

	(1.2) Frame alignment time
	0.5 ms
	0.071 ms
	0.0179 ms

	(1.3) Transmission time (= TTI)
	1 ms
	0.143 ms
	0.0357 ms

	(1.4) Receiver processing delay
	1.5 ms
	0.214 ms
	0.0536 ms

	One way latency = (1.1) + (1.2) + (1.3) + (1.4)
	4 ms
	0.571 ms
	0.1429 ms

	HARQ RTT (round-trip time)
	8 ms

(n+4 NACK, n+8 Re-Tx)
	1.142 ms

(n+4 NACK,

n+8 Re-Tx)
	0.1428 ms

(n+2 NACK,

n+4 Re-Tx)

	User plane latency with 10% HARQ BLER 10% = (one way latency) + 0.1 x (HARQ RTT)
	4.8 ms
	0.685 ms
	0.1572 ms


For TDD, DL/UL configuration needs to be considered in addition to the parameters used for FDD. The configuration same as LTE and enhanced ones to support lower latency such as dynamic TDD configurations supporting 2 times DL-UL switching in 14 symbols, can be considered as examples. The number of OFDM symbols per TTI also needs further consideration as the same one (2 symbol mini-slot) used for FDD may not be optimal for TDD considering additional DL, UL switching overhead.
· OFDM symbols per TTI: 7 or less
· DL/UL configuration: NR configuration set to same as LTE or one of dynamic TDD configurations supporting 2 switching points
Table 2 shows overall user plane latency for LTE and NR with 2 selected TDD configurations. NR-TDD-1 configuration assumes 15 kHz subcarrier spacing and 7 symbol TTI with DL/UL configuration same as LTE TDD configuration #6 that leads to 3.075 ms and 2.775 ms user plane latency for downlink and uplink respectively without HARQ retransmission, and downlink 3.54 ms and uplink 3.2575 ms with 10% HARQ BLER. NR-FDD-2 configuration assumes 60 kHz subcarrier spacing, 4 symbol TTI with Dynamic TDD conf. #57 that leads to 0.3124 ms and 0.355 ms user plane latency with and without HARQ retransmission.

Observation 3. 
NR FDD can meet the 0.5ms user pane latency target for URLLC.
Table 2. User plane latency w/ and w/o HARQ retransmission for TDD frame structure
	
	LTE Rel.10
	NR-TDD-1
	NR-TDD-2

	Subcarrier Spacing
	15 kHz
	15 kHz
	60 kHz

	OFDM symbols per TTI
	14
	7
	4

	DL/UL configuration
	LTE conf. #6
	Configured same as LTE conf. #6
	Dynamic TDD conf. #57
(2 times DL-UL switching in 14 symbols)

	(1.1) Transmitter processing delay
	1 ms
	0.5 ms
	0.0714 ms

	(1.2) Frame alignment time
	1.4 ms (DL) /
1.4 ms (UL)
	1.325 ms (DL) / 1.025 ms (UL)
	0.0714 ms

	(1.3) Transmission time (= TTI)
	1 ms
	0.5 ms
	0.0714 ms

	(1.4) Receiver processing delay
	1.5 ms
	0.75 ms
	0.1071 ms

	One way latency = (1.1) + (1.2) + (1.3) + (1.4)
	4.9 ms (DL) /
4.9 ms (UL)
	3.075 ms (DL) / 2.775 ms (UL)
	0.3124 ms

	HARQ RTT (round-trip time)
	11.2 ms (DL) /

11.5 ms (UL)
	4.65 ms (DL) /

4.825 ms (UL)
	0.4286 ms

	User plane latency (HARQ BLER 10%)
	6.02 ms (DL) /

6.05 ms (UL)
	3.54 ms (DL) /

3.2575 ms (UL)
	0.355 ms



As shown in the table 1 and 2, the required user plane latency 0.5ms can be met with some assumptions such as 2/4 symbol TTI, 60kHz SCS(Sub-Carrier Spacing) and dynamic TDD configurations.

Observation 4. 
NR TDD can meet the 0.5ms user pane latency target for URLLC.
Proposal 1. 
The Analysis results are proposed to be captured in self-evaluation report of NR
3 Conclusion
Based on the discussion above, following observations and proposals are provided:
Observation 1. 
The user plane latency is the radio interface latency from the time when transmitter PDCP receives an IP packet to the time when receiver PDCP successfully receives the IP packet.

Observation 2. 
User plane latency analysis model for LTE can be reused for NR.

Observation 3. 
NR FDD can meet the 0.5ms user pane latency target for URLLC.
Observation 4. 
NR TDD can meet the 0.5ms user pane latency target for URLLC.
Proposal 1. 
The Analysis results are proposed to be captured in self-evaluation report of NR
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