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Discussion and decision
1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE (URLLC for LTE) was approved in RAN#76 [1] that describes the reason why LTE technology evolution serves use cases of URLLC with satisfying URLLC requirements which was defined ITU IMT-2020 and how to carry out this features in LTE with proposed plans (phase 1 and phase 2). According to [1], following two things should be discussed until RAN#79 (phase 1). 
	· Identify improved communication reliability and different latency constraints combinations for both wide and local area deployments [RAN1]

·  Consider the ITU IMT-2020 and the 3GPP TR 38.913 requirements on URLLC and the ability to enable the network to operation with a range of reliability targets and latency constraints.
· Identify any potential new evaluations scenarios [RAN1]



In this contribution, key performance indicators (KPIs) are discussed based on definitions in [3] for URLLC. 
2 Discussions 

TR38.913 [2] specifies definitions of all KPIs considered to satisfy ITU IMT-2020 requirements. User plane latency, reliability, and control plane latency can be considered as URLLC-related KPIs. Detailed descriptions of the three KPIs are shown in the Table 1 as follows:
	KPI
	Descriptions

	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).
The target for control plane latency should be 10ms.
Analytical evaluation is used as the evaluation methodology.
NOTE1:
For satellite communications link, the control plane should be able to support RTT of up to 600ms in the case of GEO and HEO, up to 180ms in the case of MEO, and up to 50ms in the case of LEO satellite systems.

	User plane latency
	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.

For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for 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.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.

	Reliability
	Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, 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).
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
Link level evaluation with deployment scenario specific operating point and system level simulation are to be performed for the evaluations of Indoor Hotspot, Urban Macro, Highway, and Urban grid for connected car.



Even though the above requirements for URLLC have provided for NR, it can be a baseline for the requirements of LTE URLLC. Regarding control plane latency, there is no exact descriptions about URLLC related scenarios. So, target control plane latency of 10ms can be considered to apply commonly regardless of eMBB, URLLC, mMTC. It was seen that the definition of control plane latency is the time to move from IDLE state to ACTIVE state. It is not related to RAN1 issue and therefore RAN1 don’t need to address the issue for LTE URLLC. 
Proposal 1: Consider focusing on user plane latency as target latency requirements for LTE URLLC. 


Regarding user plane latency, it requires the target latency of 0.5ms for DL and UL without consideration of high reliability requirements. It is noted that the target latency of 0.5ms is not the maximum value but the average value. Different with NR supporting various numerologies (e.g., subcarrier spacing), LTE typically uses the subcarrier spacing of 15 kHz. Even though it uses LTE short TTI technology, it may be possible to consider one shot UL/DL transmission without HARQ retransmission because it cannot satisfy the target latency of 0.5ms with considering HARQ-ACK feedback and HARQ retransmission based on 2-symbols short TTI which already occupies time duration of about 0.14ms. So, this feature should be carefully considered if it supports the target latency of 0.5ms for DL and UL for LTE URLLC. 

As another approach, target latency of 0.5ms for DL and UL can be relaxed for LTE URLLC by supporting at least one HARQ retransmission. For example, target latency of 1ms or 2ms for DL and UL can be used for LTE URLLC. If LTE URLLC is not specified as one requirement, there may be possible to include multiple target latencies for DL and UL. RAN1 needs to consider the necessity of having multiple target latencies for DL and UL instead of having only one target latency for DL and UL without considering high reliability requirement. 

Regarding reliability, [2] described detailed target value for URLLC as follows: a general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. That is, one packet should be transmitted with the success probability of 99.999% within 1ms user plane latency with or without HARQ retransmission. However, it would be highly difficult to satisfy the target reliability requirement by using one shot transmission without HARQ retransmission due to excessive resource usage. It should be revisited whether or not LTE URLLC can support the target reliability requirement within given 1ms user plane latency. It would be possible to have another target reliability value for LTE URLLC instead of having 1-10-5 for 32 bytes with a user plane latency of 1ms by changing target success probability (i.e., 1-10-5) or user plane latency (i.e., 1ms) or packet size (i.e., 32 bytes). If URLLC services require various reliability and latency requirements depending use-cases and environments, there are multiple target latencies and reliabilities for LTE URLLC. 
Proposal 2: Consider the necessity of having multiple target latencies and reliabilities for DL and UL and then consider providing different or unified framework for LTE URLLC to satisfy various requirements.

For calculating user plane latency, [4] show which components consists of the average user plane latency in case of 0% HARQ BLER and 10% HARQ BLER for DL and UL. In case of 0% HARQ BLER (that is, single transmission), user plane latency includes eNB processing delay, frame alignment, TTI duration and UE processing delay. In case of 10% HARQ BLER, user plane latency has additional component of HARQ Retransmission with above things. Accordingly, all components should be taken into account when it decides latency requirements for LTE URLLC. 

Furthermore, key designs of LTE sTTI can be basically reused as a baseline for reducing latency for LTE URLLC such as frame structure, sPDCCH, sPDSCH, sPUCCH, sPUSCH and so on. However, it needs some designs to improve reliability highly for LTE sTTI. Following issues can be considered: higher aggregation level for PDCCH, control and data repetition, new HARQ process design (e.g., single shot transmission, fast HARQ feedback) and enhanced compact DCI. 
Proposal 3: Consider LTE sTTI key design as a baseline to improve user plane latency for LTE URLLC.
3 Conclusions
In this contribution, it was discussed to consider various KPIs for LTE URLLC. It can be summarized as follows. 
Proposal 1: Consider focusing on user plane latency as target latency requirements for LTE URLLC. 

Proposal 2: Consider the necessity of having multiple target latencies and reliabilities for DL and UL and then consider providing different or unified framework for LTE URLLC to satisfy various requirements.

Proposal 3: Consider LTE sTTI key design as a baseline to improve user plane latency for LTE URLLC.
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