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Introduction
URLLC is a key service to be enabled by NR as identified the RAN requirements study item [1]. Two KPIs associated with URLLC are user plane latency and reliability as shown in the table below. Note that the user plane latency of 0.5ms is the typical latency while the 1ms latency is associated with 99.999% reliability. In this contribution, we will discuss the evaluation assumptions to fulfill the KPI requirements.
	KPI
	Definition
	Target
	Note

	Latency (User Plane)
	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.
	eMBB: 4ms 

URLLC: 0.5ms
	Same for UL & DL

	Reliability
	Reliability can be evaluated by the success probability of transmitting X bytes within 1 ms, 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 (e.g., coverage-edge)

For eV2X, Communication availability and resilience can be evaluated by the success probability of transmitting [X bytes] with user plane latency requirement (7.5) of [TBD] msec at a certain communication range (e.g., 500 meters) [, and a latency for  small packets (7.6) within [TBD] ms]
	(1-10-5)/1ms

eV2X: TBD;

eHealth: (1-10-5)/1ms @ [300Mbps]
	Relevant for URLLC 
(& V2X)


2
Discussion
URLLC reliability for 99.999% with 1 ms latency has implications on the overall system design beyond shorter TTIs for the data packet. 

Latency break down

For DL transmission, this latency should include following components:
L = L_q + L_Tx + L_RxProc + (N-1)*T_HARQ_RTT

· L_q is the queuing latency before a packet is scheduled

· L_Tx is the transmission time of the grant and data packet, which is typically the TTI duration
· L_RxProc is the receiver processing time to decode the packet. E.g., for LTE FDD, L_RxProc <= 3 SF

· N is the total number of transmissions. 

· T_HARQ_RTT is the HARQ round trip time. E.g., for LTE FDD, T_HARQ_RTT = 8 SF.

For UL transmission, this latency should include following components:

 L = L_sr + L_sr_proc + L_q + L_grant + L_grant_proc +L_Tx + L_RxProc + (N-1)*T_HARQ_RTT

· L_sr is the scheduling request queuing and transmission time

· L_sr_proc is the base station processing time for scheduling request

· L_grant is the UL grant transmission time

· L_grant_proc is the UL grant processing time, E.g., for LTE FDD, L_grant_proc <= 3 SF
Proposal 1: Latency metric should capture control channel, data transmission, processing, retransmission and queuing latency
Queuing latency
Queuing latency in the system usually arise from two aspects: TTI alignment, scheduling/congestion. TTI alignment queuing could be simply waiting for the start of a TTI or in the case of TDD waiting for right duplexing direction to occur. During the evaluation of URLLC evaluation, traffic in both direction should be captured in the analysis/simulation. Scheduling latency is a function of the traffic load. URLLC system should be evaluated at expected load.
Proposal 2: URLLC evaluation should model traffic in both DL and UL with reasonable URLLC and other traffic load in order to capture practical queuing latency.

Proposal 3: URLLC capacity should be an additional KPI when reliability is evaluated.
Reliability modelling

Achieve 10-5 packet loss would imply robust control and data channel transmissions. For control channels, high reliability usually implies significant redundancy and diversity. For data channels, high reliability is typically achieved with HARQ and precise CSI feedback. In addition, other cell interference is likely to contribute significantly to both control and data channel reliability.

Proposal 4: URLLC reliability should capture both control and data channel reliability under poor channel condition (large delay spread, low SNR) with other cell interference. 
Mixed traffic

As shown in the example of eHealth, URLLC data could potentially be coupled with eMBB data. The service multiplexing aspects of URLLC evaluation is a KPI to be captured in the evaluation. We propose to evaluate both URLLC reliability/capacity and eMBB capacity over the same channel.

Proposal 5: Mixed URLLC and eMBB capacity evaluation should be studied with an additional KPI of eMBB multiplexing capacity.
3
Conclusions 
In this contribution, we discussed the evaluation of KPI’s associated with URLLC services. Based on the analysis, following proposals were made:
Proposal 1: Latency metric should capture control channel, data transmission, processing, retransmission and queuing latency
Proposal 2: URLLC evaluation should model traffic in both DL and UL with reasonable URLLC and other traffic load in order to capture practical queuing latency.

Proposal 3: URLLC capacity should be an additional KPI when reliability is evaluated.

Proposal 4: URLLC reliability should capture both control and data channel reliability under poor channel condition (large delay spread, low SNR) with other cell interference. 

Proposal 5: Mixed URLLC and eMBB capacity evaluation should be studied with an additional KPI of eMBB multiplexing capacity.
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