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1 Introduction
A Release 15 work item “Ultra Reliable Low Latency Communication for LTE” was approved in RAN#75:

ITU defines the design target of URLLC as 1-10-5 success probability of transmitting a layer 2 PDU of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment [2].
In this paper we provide latency analysis taking sTTI into account.

2 Discussion

2.1 DL latency

The latency of DL transmission is provided in the following table. Only 1-shot DL transmission is considered, i.e. without repetition and retransmission.
Table 1. Latency of DL transmission

	
	Description
	Value in current LTE

	0
	eNB encoding
	1.5

	1
	Transmission of DL grant and DL data
	1 * (s)TTI

	2
	Data decoding and processing in UE
	1.5 * (s)TTI

	TOTAL
	Downlink latency
	4 * (s)TTI


Note: also assuming n+4 timing for sTTI.

Considering 2-OS sTTI, there are 6 sTTI in one subframe, the shortest latency is 4* (1/6) ms = 0.67ms. Then we can see the DL latency target can be achieved at least for 1-shot DL transmission.
Observation 1: The latency requirement of URLLC (i.e. no more than 1ms) can be satisfied at least by 1-shot DL transmission in current LTE.
2.2 UL latency

2.2.1 Grant-based UL transmission
In current LTE, as indicated in Figure 1, a UE with data to send starts with Scheduling Request (SR) if the UE has no assigned UL-SCH resources. If not configured with valid SR resource, the UE will initiate a Random Access procedure as shown in Figure 1(a). Upon receiving the SR, the eNB allocates uplink resources to the UE and indicates to the UE on the PDCCH. Upon reception of the UL grant, the UE can send a Buffer Status Reporting (BSR) providing the serving eNB with information about the amount of data available for transmission in the UL buffers associated with the MAC entity as shown in Figure 1(b). If the UL grant after SR is big enough for the small data, UL data can be transmitted without BSR as shown in Figure 1(c).
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Figure 1. Grant-based UL transmission Procedure
The latency analysis for Figure 1 (c) is shown in Table 1. During the calculation, the repetition and retransmission are not considered.
Table 2. Latency of UL transmission with grant

	
	Description
	Value in current LTE

	1
	Max. waiting time for PUCCH (1 TTI SR)
	1 * (s)TTI

	2
	UE sends SR on PUCCH
	1 * (s)TTI

	3
	eNB decodes SR and generates UL Grant
	3 * (s)TTI

	4
	Transmission of UL Grant
	1 * (s)TTI

	5
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * (s)TTI

	6
	Transmission of UL data
	1 * (s)TTI

	7
	Data decoding and processing in eNodeB
	1.5 * (s)TTI

	TOTAL
	Uplink latency
	11.5 * (s)TTI


Note: also assuming n+4 timing for sTTI.

Considering 2-OS sTTI, there are 6 sTTI in one subframe, the shortest latency is 11.5* (1/6) ms = 1.92ms. Then we .92can see the UL latency target cannot be achieved using grant-based UL transmission, even by using the shortest sTTI and without any repetition/retransmission.
Therefore, the following observation can be obtained:

Observation 2: Grant-based UL transmission cannot satisfy the latency requirement of URLLC in current LTE.
In addition the reliability should also be considered when designing the scheduling mechanism. As shown in Figure 1, successful UL data reception depends on the SR. If the residual BLER of UL data is 10e-5, it means that each related channel should achieve BLER<10e-5. However SR is transmitted on PUCCH and consists of only one bit of information and it is difficult to ensure the reliability of PUCCH to be 1-10^-5. The same problem exists for PDCCH with UL grant. It is difficult to ensure the reliability of PUCCH and PDCCH.
2.2.2 UL grant-free
As the analysis in above section, grant-based UL transmission cannot support URLLC traffic, here we analyze grant-free UL transmission, which has been discussed widely in NR. 
Table 3. Latency of UL transmission without grant

	
	Description
	Value in current LTE

	1
	UE L1 encoding of UL data
	1.5 * (s)TTI

	2
	Transmission of UL data
	1 * (s)TTI

	3
	Data decoding and processing in eNodeB
	1.5 * (s)TTI

	TOTAL
	Uplink latency
	4 * (s)TTI


Note: also assuming n+4 timing for sTTI.

Also considering 2-OS sTTI, the shortest latency is 4 * (1/6) ms = 0.67ms. Comparing with the grant-based one, the UP latency is largely decreased by applying grant free transmission, which satisfies the requirement of URLLC.
Observation 3: The latency requirement of URLLC can be satisfied by at least by 1-shot UL grant-free transmission in current LTE.
Based on the above analysis, the following proposal is raised:
Proposal 1: Support UL grant-free for LTE HRLLC.
3 Conclusion and Proposals
In this contribution, we provide the latency analysis and make the following observations and proposals:
Observation 1: The latency requirement of URLLC (i.e. no more than 1ms) can be satisfied at least by 1-shot DL transmission in current LTE.
Observation 2: Grant-based UL transmission cannot satisfy the latency requirement of URLLC in current LTE.
Observation 3: The latency requirement of URLLC can be satisfied by at least by 1-shot UL grant-free transmission in current LTE.
Proposal 1: Support UL grant-free for LTE HRLLC.
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