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1 Introduction

In RAN1#86 meeting, evaluation metric 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

· Reliability  

· Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge).

· Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.

· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any)

· Evaluation method: Link level simulation as start point

· URLLC capacity and URLLC / eMBB multiplexing capacity

· Definition: Follow RAN1#85 agreements with further clarification, if needed

· Evaluation method: System-level simulation can be considered

It was also agreed to consider the following components for one way latency analysis which are the same as in LTE [2]:

	Step 
	Description 
	Value 

	1.1
	Transmitter Processing Delay 

(eNB for DL; UE for UL and sidelink)
	

	1.2 
	Frame Alignment
	

	1.3 
	TTI duration
	

	1.4 
	Receiver Processing Delay 
	

	1.5
	HARQ Retransmission 
	

	
	Total one way delay [ms] 
	


This contribution discusses on the above delay components to evaluate user plane latency for URLLC. Detailed evaluation results can be found in our companion contributions [3][4].
2 Delay components for one way latency analysis
Among delay components for one way latency, transmitter/receiver delays and TTI duration can be calculated irrespective of duplex. However, since frame alignment time and HARQ RTT highly depend on frame structure, they should be calculated differently according to duplex. Figure 1 and 2 illustrate delay components for one way latency without HARQ in FDD and TDD, respectively. In Figure 2, ‘D’ means a TTI for DL, ‘S’ means a TTI including a gap for DL-UL switching (like special subframe in LTE), and ‘U’ means a TTI for UL.
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Figure 1: Delay components for one way latency without HARQ in FDD
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Figure 2: Delay components for one way latency without HARQ in TDD DL

2.1 Transmitter/receiver processing delay
Since transmitter/receiver processing times mainly depend on computing power of modem chips, it is difficult to define exact transmitter/receiver processing delay for NR URLLC. In [2], based on 1ms TTI, transmitter processing time is set to be 1ms and receiver processing time is set to be 1.5ms. Since NR requirements (KPIs) are much higher than LTE ones and it is expected that NR gNB/UE will have better optimized hardware/software, we can assume that transmitter/receiver processing delay is approximately a function of TTI and those values are 1TTI and 1.5TTI, respectively. However, using larger values for low-end NR gNB/UE would not be precluded.
Proposal 1: For one way latency analysis in NR, it should be checked that transmitter/receiver processing delay can be defined as function of TTI.

2.2 Frame alignment time
Frame alignment time is a kind of waiting time from the end of transmitter processing to the start of actual transmission through the air as shown in Figure 1 for FDD and Figure 2 for TDD.
In FDD, if TTI length is fixed and the starting of transmitter processing occurs randomly but in uniformly distributed ways during each TTI, average frame alignment time can be easily calculated. Since transmission opportunity is given in every TTI, so that the average frame alignment time could be 0.5TTI with previous two assumptions.
In TDD, even if TTI length is fixed and the starting of transmitter processing occurs randomly but in uniformly distributed ways during each TTI, since transmission opportunity for DL (downlink) or UL (uplink) data limited by TDD UL/DL configurations, average frame alignment time for DL or UL per TTI can be changed for each UL/DL configuration. Figure 2 shows an example of frame alignment time calculation for DL under a given configuration. In this example, DL data transmission is delayed as 1TTI even though transmitter processing is completed within ‘S’-TTI duration, which is caused by the next TTI is reserved for UL transmission. In the same way, one way latency without considering HARQ in TDD UL can also be derived. Thus, frame alignment time in TDD with a static UL/DL configuration becomes longer than in FDD. If dynamic TDD can be adopted for NR, the frame alignment time would be reduced.

Proposal 2: Study user plane latency evaluation methodology for dynamic TDD if it should be supported in NR.

3 Average user plane latency analysis
3.1 Average user plane latency for one-shot transmission
In case of FDD
From the above definitions and assumptions, 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) in Figure 1) + (time of (1.2)) + (time of (1.3)) + (time of (1.4))
= 1 + 0.5 + 1 + 1.5 = 4

In case of TDD with a static UL/DL configuration
From the above definitions and assumptions, the average user plane latency for one-shot transmission in TDD 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
	ΔtFA TTI

	1.3 
	TTI duration
	1TTI

	1.4 
	Receiver Processing Delay 
	1.5TTI

	
	Total one way delay
	(3.5 + ΔtFA)TTI


For DL, the average user plane latency for one-shot transmission can be calculated as

DUP,DL,1-shot [TTI] = (time of (1.1) in Figure 2) + (time of (1.2)) + (time of (1.3)) + (time of (1.4))
= 1 + ΔtFA,DL + 1 + 1.5 = 3.5 + ΔtFA,DL,

where ΔtFA,DL is the average frame alignment time for DL under a given UL/DL configuration. In the same way, the average user plane latency for one-shot transmission in TDD UL can be calculated as

DUP,UL,1-shot [TTI] = 3.5 + ΔtFA,UL,

where ΔtFA,UL is the average frame alignment time for UL under a given UL/DL configuration and its value can be different from ΔtFA,DL, since numbers of UL/DL TTIs within a given period can be configured to be different considering UL/DL traffic loads in TDD.

3.2 Average user plane latency for considering HARQ processes
In case of FDD
HARQ can improve system throughput while sacrificing the latency. Considering that typical number of retransmission would be 0 or 1, the average user plane latency can be approximately calculated as
DUP,typical [TTI] = DUP,1-shot(1-p) + p(DUP,1-shot + ΔtHARQ-RTT) = 4 + pΔtHARQ-RTT,
where p is the error probability of the first transmission and ΔtHARQ-RTT is HARQ round-trip time which depends on frame structure, scheduling operation, and so on.
In case of TDD with a static UL/DL configuration
The average user plane latency for DL and UL in TDD can be approximately calculated as

DUP,DL,typical [TTI] = DUP,DL,1-shot(1-p) + p(DUP,DL,1-shot + ΔtHARQ-RTT,DL) = 3.5 + ΔtFA,DL + pΔtHARQ-RTT,DL, and

DUP,UL,typical [TTI] = DUP,UL,1-shot(1-p) + p(DUP,UL,1-shot + ΔtHARQ-RTT,UL) = 3.5 + ΔtFA,UL + pΔtHARQ-RTT,UL,
respectively. Here p is the error probability of the first transmission and ΔtHARQ-RTT,DL and ΔtHARQ-RTT,UL are HARQ round-trip time for DL and UL, respectively which depend on frame structure, scheduling operation, UL/DL configuration, and so on.
4 Conclusion
In this contribution, delay components for user plane latency are discussed and average user plane latency formulas depending on TTI are derived. The proposals are as follows.
Proposal 1: For one way latency analysis in NR, it should be checked that transmitter/receiver processing delay can be defined as function of TTI.

Proposal 2: Study user plane latency evaluation methodology for dynamic TDD if it should be supported in NR.
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