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1	Introduction
With the introduction of the wireless uses cases and applications with stringent reliability and/or latency requirements, a paradigm shift in the design of wireless systems seems to be essential. Such use cases may include examples such as industrial IoT, autonomous driving and remote surgery with high reliability and low/medium latency requirements or virtual and augmented reality with low latency requirements. Table 1 provides a list of scenarios/applications, and present their required reliability and latency requirements [1]. 

Table 1: Performance requirements for low-latency and high-reliability scenarios.
	
Scenario
	End-to-end latency
	Communication service availability

	Reliability

	User experienced data rate
	Payload
size

	Service area dimension


	Discrete automation – motion control

	1 ms
	99.9999%
	99.9999%
	1 - 10Mbps
	Small
	100x100x30 m 

	Discrete automation
	10 ms
	99.99%
	99.99%
	10 Mbps
	Small to big
	1000x1000x30 m

	Process automation – remote control
	50 ms
	99.9999%
	99.9999%
	1 - 100Mbps
	Small to big
	300x300x50 m

	Process automation ‒monitoring
	50 ms
	99.9%
	99.9%
	1 Mbps
	Small
	300x300x50 m

	Electricity distribution – medium voltage
	25 ms
	99.9%
	99.9%
	10 Mbps
	Small to big
	100km along power line

	Electricity distribution – high voltage 

	5 ms
	99.9999%
	99.9999%
	10 Mbps
	Small
	200km along power line

	Intelligent transport systems – 
infrastructure backhaul
	10 ms
 
	99.9999%
	99.9999%
	10 Mbps
	Small to big
	2km along a road

	Tactile interaction

	0.5 ms
	[99.999%]
	[99.999%]
	[Low]
	[Small]
	TBC

	Remote control
	[5 ms]
	[99.999%]
	[99.999%]
	[From low to 10 Mbps]
	[Small to big]
	TBC




In order to meet the requirements, a wireless network should be optimized at different layers, such as PHY and MAC layers, to guarantee that a packet can be received within a given latency budget with a given success probability. More strictly, the basic objective of the URLLC design is to provide the  reliability for small data packets, e.g., with a 32-byte packet, within a latency of ms, where  and  might be identified based on each specific application.
The first steps toward latency reduction are taken as part of the 3GPP RAN1 efforts in the design and standardization of shortened TTI and processing time for LTE, where different TTI lengths and processing timelines are introduced. Intuitively, the latency is expected to be reduced proportional to the TTI length and the processing timeline. However, neither the LTE sTTI nor the LTE with shortened processing timeline guarantees a given reliability within the required time budget. In other words, the objective of the design was to reduce the PHY/MAC layer latency only to the extent possible. In contrast, the LTE URLLC design focus should be placed on guaranteeing the specific QoS requirements of a particular application.
[bookmark: p3][bookmark: b]2	Achievable (Reliability, Latency) Region  
In order to characterize the achievable (reliability, latency) region, the following requirements should be identified:
· Packet size: One main component of reliability study is to specify the packet sizes of interest. This is particularly important since it directly impacts the related design and the resulting intended link coverage. Hence, it is important to identify a set of packet sizes of interest for LTE URLLC.
· Latency: The available time budget for a given packet to be received successfully. This includes both the over-the-air (OTA) latency, and latency in other aspects (e.g., higher layers, etc.) as part of the end-to-end latency. In this contribution, we will focus on the OTA latency.
· Reliability: The probability of successfully receiving a packet of a given size within the time budget.

As summarized in Section 1, URLLC systems are applicable to a numerous use cases and applications with a diverse set of requirements. Hence, as the first step of the design, it is essential to identify the set of requirements of interest. In NR, the URLLC requirements and design goals are identified as follows [2]: “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”.
It is not entirely clear for now the use cases the LTE-URLLC is intended for. However, it is expected that LTE-URLLC and NR URLLC should have similar applications. As a result, for LTE-URLLC, the core requirements can be set based on the general NR-URLLC requirements as mentioned above.
Proposal 1: For LTE-URLLC, the baseline reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. 
It is also worth noting, as mentioned in Section 1, that the desirable (reliability, latency) regions are dependent on the deployment scenarios and applications. Some applications might have a stringent reliability requirement, but a more relaxed time budget and vice versa. Considering a set of requirements is therefore desirable.
Proposal 2: Besides the baseline requirements, an additional set of requirements, i.e., (reliability, latency, packet size), applicable to a wide range of use cases can be identified and considered for the evaluations. 
3	Feasibility Study  
In order to study whether the identified requirements are in fact achievable, RAN1 can consider the following metrics. (1) The reliability metric can be block error rate (BLER) for link-level evaluations. (2) Latency (time budget for receiving a packet with a given reliability) can be defined for DL and UL, respectively, as follows:
· Latency in DL is defined as the duration of the time between the start of the PDSCH transmission and the successful decoding of the TB at a UE.
· To define latency in the UL direction, two cases can be considered: (a) UL resources are available, and (2) UL resources should be requested.
· For the former case, latency can be defined as the duration of the time between the start of the PUSCH transmission and the successful decoding of the TB at the eNB.
· For the latter case, latency can be defined as the duration of the time between the first SR transmission attempt and the successful decoding of the TB at the eNB.

Proposal 3: For link-level evaluations, BLER can be considered as the performance metric.
Proposal 4: The DL latency can be defined as the duration of the time between the start of the PDSCH transmission and the successful decoding of the TB at a UE.
Proposal 5: Assuming PUSCH resources are available for a UE, the UL latency can be defined as the duration of the time between the start of the PUSCH transmission and the successful decoding of the TB at the eNB.
Proposal 6: Assuming PUSCH resources are not available for a UE, the UL latency can be defined as the duration of the time between the start of the PUSCH transmission and the successful decoding of the TB at the eNB.
One example for the DL latency definition is illustrated in Figure 1. Here, assuming BLER of  is achievable after the 1st re-transmission via a 2-symbol sTTI with the processing timeline of  and a decoding delay of 2 sTTIs at the UE, the gap between the time that the PDSCH is scheduled to its successful decoding is 10 sTTIs, i.e., ~1.4ms (This delay is computed without considering the presence of the 3-symbol sTTIs in the DL pattern.)


Figure 1: The DL latency assuming that the reliability requirement can be achieved with the maximum of two transmissions under the 2-symbol sTTI operation and  processing timeline.

As shown in Figure 1, under the 2-symbol sTTI with  processing timeline, the over-the-air latency is above 1ms. 
Observation 1: 2-symbol sTTI based HARQ operation cannot satisfy the 1-ms OTA latency 
Hence, to achieve the baseline requirement as mentioned in Proposal 1, it seems to be critical to evaluate other sTTI lengths and processing timelines as well. Since 1-symbol sTTI was originally considered during the SI phase of the sTTI/sPT WI, it is likely to be a preferable candidate for LTE-URLLC. Assuming 1-symbol sTTI with n+4 timeline, then as shown in Figure 1, the latency is about 10 sTTIs ~0.7ms < 1ms.
Proposal 7: The 1-symbol sTTI should be considered in LTE-URLLC for applications with stringent latency requirements.
3	Conclusions 
[bookmark: _GoBack]In this contribution, we presented our views on targeted reliability and latency requirements for LTE URLLC. In particular, we have the following proposals and observations:
· Proposal 1: For LTE-URLLC, the baseline reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. 
· Proposal 2: Besides the baseline requirements, an additional set of requirements, i.e., (reliability, latency, packet size), applicable to a wide range of use cases can be identified and considered for the evaluations. 
· Proposal 3: For link-level evaluations, BLER can be considered as the performance metric.
· Proposal 4: The DL latency can be defined as the duration of the time between the start of the PDSCH transmission and the successful decoding of the TB at a UE.
· Proposal 5: Assuming PUSCH resources are available for a UE, the UL latency can be defined as the duration of the time between the start of the PUSCH transmission and the successful decoding of the TB at the eNB.
· Observation 1: 2-symbol sTTI based HARQ operation can’t satisfy 1-ms OTA latency
· Proposal 6: Assuming PUSCH resources are not available for a UE, the UL latency can be defined as the duration of the time between the start of the PUSCH transmission and the successful decoding of the TB at the eNB.
· Proposal 7: The 1-symbol sTTI should be considered in LTE-URLLC for applications with stringent latency requirements.
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