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1. Introduction
This contribution discusses reliability and latency requirements for various URLLC use cases, and discuss potential considerations in both TDD and FDD to meet such requirements. 

2. URLLC use cases
In TR. 22.891 [1], multiple applications for high reliable and low latency applications are mentioned including industrial control system, real-time control of vehicles, virtual presence, tactile internet, etc. Some requirements of different applications are shown in Table 1. 
[bookmark: _Ref458526792][bookmark: _Ref458526787]Table 1. URLLC Use cases
	Sample use case
	Description
	Critical Requirements

	Substation protection and control
	Automates fault detection and isolation to prevent large scale power outage
For example, Merging Units (MUs) perform periodic measurements of power system components, and send sampled measurement data to a Protection Relay. When the Protection Relay detects a fault, it sends signals to trip circuit breakers.
	Latency: as low as 1 ms end-to-end 
Packet loss rate: as low as 1e-04
Transmission frequency: 80 samples/cycle for protection applications. 256 samples/ cycle for quality analysis & recording
Data rate: ~12.5Mbps per MU at 256 samples/cycle
Range: provide coverage to the substation

	Smart grid system with distributed sensors and management 

	A smart grid system aims at improving the efficiency of energy distribution and requires prompt reaction in reconfiguring the smart grid network in response to unforeseen events. 

	Performance requirements are derived from EC FP7 project METIS Deliverable D.1.1:
- Throughput: from 200 to 1521 bytes reliably delivered in 8 ms, 
- One trip time latency between any two communicating points should be less than 8 ms for event-triggered message that may occur anytime. 
- Device density: dense urban hundreds of UEs per square km; urban: around 15 UEs per square km; populated rural: max 1 UE per squared km.

	Virtual presence
	A use case can be:
Phil works in a multinational company which has offices in many big cities. He has regular meetings with colleagues based in other countries. He uses to have real time 360° video communications: he wears Virtual Presence glasses, allowing to be merged in a meeting room where he can see all his other colleagues sitting around a table. He can interact with them in real time as if they were just in front of him.
	The roundtrip delay shall be in the magnitude of 2-4 ms with a bandwidth capable of running an 8k stereo video stream [250Mbps] uplink and downlink.


	Industrial control
	Several industrial control applications require high reliability and very low latency (~1ms) whereas the data rate requirement may be relatively low. In some case also high data rates may be required, e.g., in the uplink, to deliver live video stream to a physical operator, or a computer which then analyses the video and adapts the control to the situation (10s of Mbps per user in a dense environment).

	The 3GPP system shall support very low latency (~1 ms)
The 3GPP system shall support very high reliability
The 3GPP system shall support very high availability
The 3GPP system shall support high uplink data rate (tens of Mbps per device in a dense environment)

	Tactile Internet
	Tactile internet, defined as "Extremely low latency in combination with high availability, reliability and security will define the character of the Tactile Internet", makes the cellular network an extension of our human sensory and neural system. Human sensory system requires a millisecond or lower latency to give the impression of immediate response. If the force feedback from a remotely operated tool comes too late, the operation of the tool becomes difficult. If the visual feedback from a virtual or augmented reality headset arrives too late, the human operator may have nausea.

	The 3GPP System shall support very low latency (~1 ms)
The 3GPP System shall support very high reliability
The 3GPP System shall support connections that are very difficult to block, modify, or hijack




As shown in the table, different applications including different traffic rate and latency requirements need to be supported. Thus, LTE URLLC design should be flexible to support diverse applications. 
Proposal 1: LTE URLLC design should support various reliability and latency requirements with different traffic rates and target scenarios. 
3. Reliability and latency requirements
To achieve BLER of 10-5 for URLLC data transmission, it is necessary to design both control part error probability and data part error probability to be low enough. Generally, the reliability for control should be higher than that of data as HARQ combining may not be achieved for control transmission. The reliability of single transmission for each control and data depend on the number of allowed HARQ retransmissions before the packet is considered as failure as shown in our companion contribution [1]. 
For a single HARQ retransmission for DL transmission, we can consider the latency of U-plane latency includes timing alignment (0.5 TTI) + eNB scheduling latency (~0 TTI) + transmission (1 TTI) + processing latency (2 TTI) + HARQ-ACK prep/TX latency (1 TTI) + retransmission (1 TTI) = 5.5 TTI. With 2 OS TTI length, if eNB scheduling latency is not considered, it can support one retransmission within 1 msec. As HARQ retransmission provides efficient mechanism for highly reliable transmission, we consider that HARQ retransmission should be supported in LTE URLLC design. It is also necessary to increase reliability of ‘single transmission’ by repetition to address very low latency with potential eNB/UE processing delay. Thus, in our view, both HARQ retransmission and repetition based single transmission should be supported in LTE URLLC. 
Proposal 2: Both repetition based single transmission and HARQ retransmission should be supported for LTE URLLC. 
For high reliability for control channel, we should also consider false alarm probability, miss detection probability, and the number BD attempts. For simplified analysis, overall control part error probability can be given by 1-(1-Pfa)N-1(1-Pmiss) where Pfa is false alarm probability and Pmiss is miss detection probability, and N is the number of BD attempts. Compact DCI format and higher aggregation level can be beneficial to reduce the miss detection probability. Meanwhile, false alarm probability could be improved by increasing CRC length. To avoid tight requirements on false alarm and miss detection probabilities, it can be considered to limit the number of BD attempts for high reliability requirements. 
Proposal 3: For high reliability requirement of sPDCCH, it can be considered to support increasing CRC length and/or reducing the number of BD attempts. 

4. Conclusion
Proposal 1: LTE URLLC design should support various reliability and latency requirements with different traffic rates and target scenarios.
Proposal 2: Both repetition based single transmission and HARQ retransmission should be supported for LTE URLLC. 
Proposal 3: For high reliability requirement of sPDCCH, it can be considered to support increasing CRC length and/or reducing the number of BD attempts. 
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