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1
Introduction
3GPP RAN approved a new WI on URLLC support for LTE in [1]. The URLLC for LTE WI targets additional use cases of reliability and latency critical services to be handled by LTE radio. 
The WID in [1] defines two phases, Phase 1 is described as:

Phase 1 (till RAN#79)

· 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]
We focus on the yellow marked part of URLLC for LTE Phase 1 and discuss different aspects of reliability and latency constraints in this contribution.
2
Reliability and latency constraints combinations 
Highly reliable communication is not new to LTE as such, as the combination of different reliability mechanisms on PHY (i.e. HARQ), RLC and TCP layers already provide recovery mechanisms in order to guarantee a high end-to-end communication reliability. 

The basic radio latency of LTE has been enhanced during Rel-14 as part of the RAN2-led L2 latency reduction techniques for LTE WI by improving the LTE SPS operation and is currently enhanced in the still ongoing Rel-15 RAN1-led WI on shortened TTI and processing time for LTE by specifying shorter TTI and reduced processing time for 1ms TTI. 
But LTE currently is not able to provide high reliability within (rather) stringent latency constraints, as current LTE PHY mechanisms do not provide sufficient reliability to be able to enable certain services without RLC re-transmission mechanisms, which increases the latency. Therefore, the focus of the work, as also laid out in the WI description, is to improve the communication reliability without the need for higher-layer (such as RLC) retransmission mechanisms. Consequently, the considered latency constraints should be set more stringent to what RLC can provide. 
Observation 1: The latency constraints for URLLC are to be defined more stringent compared to latencies achievable including RLC-retransmissions. 

Therefore, there is a need to improve the communication reliability of the data and associated control channels. Looking at the PHY reliability (incl. HARQ operation), achieving PHY reliabilities much above 99% is currently limited by certain LTE performance requirements. Such limiting requirements include the control channel reliabilities like PUCCH Nack to Ack error rate (≤10-3), PUCCH DTX to Ack error rate (≤10-2) (in 36.104) as well as the DL control decoding requirements of 10-2 (in 36.101). Therefore, the reliability targets for the enhancements should be below an error rate of e.g. 1%.  

Observation 2: The reliability targets on the PHY error rate for URLLC should be upper bounded by what LTE can provide already (e.g. 1% error rate).

Having considered the lower bound of URLLC requirements in Observations 1 and 2, we think that the most tight requirements to be considered are to be given by the IMT-2020 requirements, which are noted in the WID [1] already. The IMT-2020 requires a reliability and latency constraint combination of 10-5 within 1ms. For such latency constraints, even when using subslot sTTI we cannot rely on HARQ operation and therefore need to achieve the required reliability through a single shot transmission. 
Observation 3: The most stringent requirement on latency and reliability combination is to be given by the IMT-2020 requirement of an error rate of 10-5 within 1ms.  

Only focusing on the most stringent requirements might mean, that URLLC type of services (which might not always require the most stringent reliability and latency constraints) cannot be operated in all deployment scenarios. As discussed above, the application of shorter TTI will be required to get the latency below about 5ms, and for 1ms latency only subslot sTTI can be used. The UL coverage and performance for subslot sTTI is rather limited and it will therefore not be possible to operate with subslot sTTI (in UL & DL) for all deployment scenarios such as wide area as well as at the cell edge (in low SINR conditions). 

Therefore, we see a need to define a target range of reliabilities and latency constraints which can then be used for different deployment scenarios (ranging from local to wide area) as well as can be operated with different TTI lengths (such as subslot TTI, slot TTI and 1ms TTI). 
Looking at the discussions above, a reliability range in the order of [10-2, 10-5] error rate as well as a delay requirement range in the order of [1ms, 20ms] should be considered. Defining or selecting fixed combinations out of this two ranges will be tricky, as different already identified use cases have a rather large variation of requirements. Moreover, the URLLC for LTE feature should be future proof and should also be able to support future, not-identified use cases and services as well. Therefore, we suggest to not focus specifically on certain combinations but trying to enable a rather large variety of reliability and latency combinations. 
Overall, we believe the WI should define a set of features that can be used by the network to operate with varying reliability and latency constraints in different conditions, network deployments and for different UE capabilities. In this respect, we consider the strict fulfillment of some specific requirement or target as a second/low(er) priority.  

The discussions in this contribution can be simply summarized in the following proposal: 

Proposal: The URLLC for LTE WI to consider error rates in the range of [10-2, 10-5] and latency constraints in the range of [1ms, 20ms]. There is no need for the feature design to down-select certain specific reliability and latency constraints combinations within the defined latency and reliability ranges. 

3
Conclusions
In this contribution, we discuss reliability and latency constraints for URLLC for LTE. Based on the discussions, the following observations are made: 

· Observation 1: The latency constraints for URLLC are to be defined more stringent compared to latencies achievable including RLC-retransmissions. 

· Observation 2: The reliability targets on the PHY error rate for URLLC should be upper bounded by what LTE can provide already (e.g. 1% error rate).

· Observation 3: The most stringent requirement on latency and reliability combination is to be given by the IMT-2020 requirement of an error rate of 10-5 within 1ms.  

Leading to the following proposal:  
Proposal: The URLLC for LTE WI to consider error rates in the range of [10-2, 10-5] and latency constraints in the range of [1ms, 20ms]. There is no need for the feature design to down-select certain specific reliability and latency constraints combinations within the defined latency and reliability ranges. 
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