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1. Introduction
Ultra-Reliable Low Latency Communication (URLLC) is characterized by higher reliability and lower latency. This contribution analyzes its characteristics and discusses how to support URLLC in NR. 
2. Discussion
In [1], it is specified that the target for user plane latency of URLLC should be 0.5ms for uplink transmission, and 0.5ms for downlink transmission. The latency mentioned above is only the part of one-way latency at the radio interface according to the description in [1] that “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.” Because URLLC is used to support future critical communications with higher reliability and lower latency where the end-to-end latency is the key concern, the required data transfer latency at RAN-CN interface and CN (core network) should also be considered for URLLC. 
Proposal 1: For URLLC, the end-to-end latency should take the followings into consideration: the latency over air interface, the latency over RAN-CN interface, and the latency within CN. 
The following table gives the requirements on latency and reliability for typical application scenarios based on the description in [2]. It can be seen that, on most of the scenarios, the one way end to end latency between UE and CN should support equal or less than 1ms. Excluding the 0.5ms latency required over the air interface, the left latency which includes the the latency over RAN-CN interface and the latency within CN should support equal or less than 0.5ms.
Table-1: Requirements on latency and reliability for typical scenarios according to TR22.862
	Scenario
	Delay req.
	Reliability req.
	Others features

	Industry Control
	1~10ms
	packet loss rate <10-9
	Close-loop control with small packets (typically <50 bytes)

	Industry automation
	0.1~1s
	packet loss rate <10-5
	For supervisory and open-loop control, Data rates can be rather low since each transaction typically comprises less than 100 bytes

	Smart grid: Substation protection and control
	1ms (end-to-end)
	packet loss rate: <10-4
	Automates fault detection and isolation to prevent large scale power outage

	Smart grid system with distributed sensors and management
	<8ms
	99,999%
	For prompt reaction in reconfiguring the smart grid network in response to unforeseen events, Throughput: from 200 to 1521 bytes

	virtual and augmented reality
	2‑4ms (round-trip ) 
	　
	These scenarios place critical requirements on transfer bandwidth (e.g. 8K stereo video -250Mbps)

	Vehicle-to-Vehicle 
	10-15ms

(round-trip)
	　
	　


Proposal 2: For URLLC, the one way end to end latency between UE and CN should support equal or less than 1ms.   
In order to meet the latency requirement for URLLC, the system architecture for URLLC should be carefully designed. For example, How to reduce the delivery latency from UP GW should be considered. A local UP GW near to or collocated with RAN can minimize the transmission delay in the network. 

Proposal 3: A local UP GW near to or collocated with RAN can minimize the transmission delay in the network. 
As we mentioned above, if the UP GW is moving closer to RAN, the area covered by the UP GW will be reduced and the service continuity during mobility should be studied. In general, a seamless handover, such as make-before-break handover, can be considered for URLLC. For UE, if dual-connectivity or multi-connectivity capability is supported, the second connection can be set up before the first connection is broken. While how to keep data transferring during mobility procedure also makes sense to improve the reliability.
Proposal 4: Seamless handover can be considered for URLLC service in order to improve the reliability and reduce latency. 

On the other side, high reliability requirements defined as PER<10-5 in [1]. Multi-connectivity technology can also be utilized to improve the packet delivery reliability. On the DL, the UE should be able to detect the duplicated packets from different RL connections. The anchor point where different RL connections aggregated should be able to detect the duplicated packets on the UL. Besides, after the successful reception of one packet from one RL connection, the transmission of the same packet via other RL connection should be avoided.
Proposal 5: When multi-connectivity function is used for URLLC, the packet duplicate detection should be performed at the anchor point of multiple RL connections on the UL.
3. Conclusion
This contribution analyzes the characteristics of all kinds of URCCL scenarios, and the following proposals are provided: 
Proposal 1: For URLLC, the end-to-end latency should take the followings into consideration: the latency over air interface, the latency over RAN-CN interface, and the latency within CN. 
Proposal 2: For URLLC, the one way end to end latency between UE and CN should support equal or less than 1ms. 
Proposal 3: A local UP GW near to or collocated with RAN can minimize the transmission delay in the network. 
Proposal 4: Seamless handover can be considered for URLLC service in order to improve the reliability and reduce latency. 

Proposal 5: When multi-connectivity function is used for URLLC, the packet duplicate detection should be performed at the anchor point of multiple RL connections on the UL.
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