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1. Introduction
At RAN1 #86, the following had been agreed for supporting URLLC in NR [1]: 
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition

· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded

At RAN1 #86bis, the following had been agreed for resource sharing between eMBB and URLLC in NR [2]:
· Consider further the tradeoffs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded
Also at RAN1 #86bis, the following had been agreed for URLLC HARQ in NR [2]:
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data

· Further study TTI duration and achievable latency based on at least one retransmission

· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signalling procedure (control, data and feedback channels)

· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability
In this contribution, we discuss specific design considerations for URLLC.

2. URLLC Specific Aspects
URLLC use cases covers a wide range, but they all specifically require high reliability and lower latency, as described in TR22.862 [3] as the following.
“The use case family "higher reliability and lower latency" is characterised by a high system requirement for reliability and latency. In most cases the data rates are moderate, and what matters most is that the messages are transmitted quickly and reliably.”
The Key Performance Indicators (KPIs) for URLLC devices are summarized in Table 1.

Table 1 KPIs for URLLC Devices

	Device
	KPI
	Description
	Requirement

	URLLC
	Control Plane Latency
	Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
	10 ms

	
	Data Plane

Latency
	For URLLC the target for user plane latency for UL and DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
	0.5 ms

	
	Reliability
	Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 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).

NOTE1: Specific value for X is FFS.
	1-10-5
within 1 ms.


Observation 1: traffic characteristics for URLLC – small or up to medium size data, low latency, high reliability.

2.1 Very Low Latency
Even though URLLC’s very low latency has been taken into design considerations for numerology, slot and frame structure, etc., which mainly focus on the data transmitting or receiving. However for the end-to-end latency of UL transmission, e.g. the delay from having data from high layer to physically transmitting the data on the UL channel, UL grant contributes signification delay to the total end-to-end latency. 
As illustrated in Figure 1 , either UE requested or semi-persistent UL grant contributes significantly to the total latency which may fail meeting very low latency requirements for URLLC’s use cases.
Proposal 1: RAN1 should study grant-free UL transmission for URLLC’s very low latency requirement.
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Figure 1 Grant Based UL Transmission
2.2 Ultra Reliability
In addition to low coding rate, low modulation, etc. redundancy transmissions may also improve data transmission reliability, e.g. HARQ based redundancy transmission. For URLLC sharing resources with eMBB, i.e. vast radio resources in wide bandwidth, the following redundancy schemes may be feasible to explore for URLLC. 
· Redundancy transmission in time or frequency
· Redundancy transmissions in time may cause extra delay comparing with redundancy transmissions in frequency.

· eMBB’s wideband make it possible to transmit redundant copies of data in frequency.

· Open-loop or closed-loop retransmission, e.g. asynchronous HARQ.
· Open-loop may save the waiting time for feedback

· Closed-loop may avoid sending unnecessary retransmissions and may also adapt the redundancy versions based on feedback.

Proposal 2: RAN1 should study redundancy transmission and asynchronous HARQ based retransmission for URLLC’s ultra reliability requirement.
 3. Conclusion

In this contribution, we discussed the design considerations specifically for URLLC’s very low latency and ultra high reliability requirements and we concluded with the following:
Observation 1: traffic characteristics for URLLC – small or up to medium size data, low latency, high reliability.

Proposal 1: RAN1 should study grant-free UL transmission for URLLC’s very low latency requirement.
Proposal 2: RAN1 should study redundancy transmission and asynchronous HARQ based retransmission for URLLC’s ultra reliability requirement.
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