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1 Introduction

In last RAN1#86 meeting, user plane latency definition and evaluation method for URLLC were agreed as follows [1]:
Agreements:
· Evaluation metric and evaluation method for URLLC

· User plane latency : 

· Definition: Follow the definition in TR38.913, target value is 0.5ms one way, without reliability requirement.

· Evaluation method: Analytical; re-transmission is considered, but scheduling / queuing delay is not included in analytical evaluation

In this contribution, user plane latency for URLLC in a FDD (frequency division duplex) system is evaluated according to TTI (transmit time interval). Evaluation for TDD case can be found in our companion contribution [2].
2 Discussion
2.1 Conditions to meet target user plane latency 0.5ms for URLLC
Based on the assumptions described in our companion contribution [3], the average user plane latency for one-shot transmission in FDD can be calculated as follows:

	Step 
	Description 
	Value

	1.1
	Transmitter Processing Delay 

(eNB for DL; UE for UL and sidelink)
	1TTI

	1.2 
	Frame Alignment
	0.5TTI

	1.3 
	TTI duration
	1TTI

	1.4 
	Receiver Processing Delay 
	1.5TTI

	
	Total one way delay
	4TTI


DUP,1-shot [TTI] = (time of (1.1)) + (time of (1.2)) + (time of (1.3)) + (time of (1.4)) = 1 + 0.5 + 1 + 1.5 = 4

From the above analysis, the minimum latency could be achieved under the assumption of 0% HARQ BLER (i.e., one-shot transmission). If user plane latency perspective is only considered, although reliability is also an important KPI (key performance indicator), TTI for URLLC should be designed to meet the condition such that 4TTI < 0.5ms. Therefore, the TTI length for 0.5ms of target user plane latency is 0.125ms.
Observation 1: In FDD NR, TTI for URLLC should be less than or equal to 0.125ms to meet 0.5ms of target user plane latency KPI.
2.2 URLLC numerology to satisfy user plane latency KPI
In OFDM, since TTI is usually defined by integer number of OFDM symbols, TTI reduction can be achieved by the two alternatives; one is to reduce the number of OFDM symbols in a given subcarrier spacing; the other is to increase subcarrier spacing while fixing the number of OFDM symbols in a TTI. Each way should be discussed further with overhead analysis according to deployment scenarios and/or system performance evaluations. Here, on OFDM numerologies with 15kHz, 30kHz and 60kHz subcarrier spacing and CP ratio 1/14 for each subcarrier spacing, approximate average user plane latency without HARQ is evaluated for each fixed-length TTI candidate such as 1-symbol, 2-symbol, 7-symbol, and 14-symbol TTI, respectively. The results are summarized in the following Table 1. Note that ‘approximate’ means that user plane latency was calculated on the assumption that all the CP lengths within 14 OFDM symbols are identical each other. Generally, the CP lengths may not be the same each other. For example, two CP lengths exist within 14 normal CP OFDM symbols, which makes 1-symbol or 2-symbol TTI lengths vary. Therefore, exact values for 1-symbol, 2-symbol, 7-symbol TTIs can be derived after CP lengths for each subcarrier spacing are decided.

Table 1: Approximate average user plane latency without HARQ for 15kHz, 30kHz, and 60kHz subcarrier spacing
	Description
	Value

	Subcarrier spacing
	15kHz
	30kHz
	60kHz

	Number of OFDM symbols per TTI
	1
	2
	7
	14
	1
	2
	7
	14
	1
	2
	7
	14

	DUP,1-shot [ms]  (= 4TTI)
	0.29
	0.57
	2
	4
	0.14
	0.29
	1
	2
	0.07
	0.14
	0.5
	1


As shown in Table 1, some TTI lengths cannot satisfy 0.5ms of target user plane latency for URLLC (red boxes). On the other hand, there are some candidates satisfying 0.5ms for each subcarrier spacing (green boxes).

Observation 2: In FDD NR, 15kHz 1-symbol TTI, 30kHz 1-/2-symbol TTI, 60kHz 1-/2-/7-symbol TTI can satisfy 0.5ms of target user plane latency for URLLC.

In this contribution, although user plane latency KPI is only considered as an initial stage, final decision on numerology and frame structure for URLLC should be done after overall performance analysis considering reliability KPI, system overhead (RS, control), and so on.
3 Conclusion
In this contribution, user plane latency for URLLC in FDD is evaluated. The observations are as follows.
Observation 1: In FDD NR, TTI for URLLC should be less than or equal to 0.125ms to meet 0.5ms of target user plane latency KPI.

Observation 2: In FDD NR, 15kHz 1-symbol TTI, 30kHz 1-/2-symbol TTI, 60kHz 1-/2-/7-symbol TTI can satisfy 0.5ms of target user plane latency for URLLC.
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