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1 Introduction

In the RAN#76 meeting, the Work Item on URLLC support in LTE was approved [1]. The detailed objectives are as follows. 

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]
Phase 2 (from Nov 2017)

· Identify solutions to improve communication reliability under different latency constraints for connected mode UEs having a valid timing advance setting, considering that differences in selected high level techniques between NR and LTE should be justified.

· Consider improvements to fulfil the targets in the following areas

· On the physical layer [RAN1, RAN2, RAN4]

· Control channels

· Data channels

· Scheduling procedure

· CSI measurements
· Efficient resource sharing with legacy or non-URLLC UEs

· On higher layers [RAN2]

· Data duplication. Solution will be based on PDCP duplication discussed in NR WI for LTE-NR Dual Connectivity.
· The mechanism should be applicable on top of LTE 1 ms TTI as well as shortened TTI

· Specify the most promising identified solutions for ultra reliable and low latency LTE communication for data channels and associated control channels and procedures, based on the outcome of Phase 1, targeting connected-mode UEs having a valid timing advance setting [RAN1, RAN2, RAN4]

· For the specified solutions introduce necessary UE and base station core requirements [RAN4]
In this contribution, we analyze potential scenarios, deployment and use case for URLLC and provide some initial evaluations on the performance of URLLC based on current LTE systems. 
2 Design Targets and Potential Scenarios
On the reliability aspect, ITU has defined the design target of URLLC as 1-10-5 success probability in transmitting a layer 2 PDU of 32 bytes [2]. But in the latency aspect, two kinds of description are given as follows:
· UP latency: The minimum requirement for user plane latency is 1ms for URLLC
· Stringent latency: The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms.
The second description is more stringent than the first one, since the UP latency requirement is an average latency requirement which allows that the latency exceeds 1 ms rarely. In some actual use cases, such as motion control or electricity distribution, a stringent latency threshold is necessary. Therefore, we propose that
Proposal 1: As a baseline, URLLC for LTE should fulfill the requirement defined by ITU, i.e., 1-10-5 success probability in transmitting a layer 2 PDU of 32 bytes within 1 ms.
Moreover, [3] proposes some scenarios requiring very low latency and very high communication service availability, including virtual and augmented reality (high reliability), remote tactile/haptic control (low latency), wireless industry automation (high reliability, low/medium latency), smart grids (high reliability, low/medium latency) and e-health (high reliability, low/medium latency). Some of them have requirement approximate to ITU’s baseline and can be considered with priority. In the following table, these scenarios with ITU focused KPI are shown.

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

(note 3)
	Reliability


	Payload size

(note 4)

	Discrete automation – motion control (note 1)
	1 ms
	99.9999%
	Small

	Discrete automation
	10 ms
	99.99%
	Small to big

	Electricity distribution – high voltage (note 2)
	5 ms
	99.9999%
	Small

	Intelligent transport systems – infrastructure backhaul
	10 ms
	99.9999%
	Small to big

	Tactile interaction (note 1)
	0.5 ms
	[99.999%]
	[Small]

	Remote control
	[5 ms]
	[99.999%]
	[Small to big]

	NOTE 1: 
Traffic prioritization and hosting services close to the end-user may be helpful in reaching the lowest latency values.

NOTE 2: 
Currently realised via wired communication lines. 

NOTE 3: 
This is the end-to-end latency the service requires. The end-to-end latency is not completely allocated to the 5G system in case other networks are in the communication path.

NOTE 4: 
Small: payload typically ≤ 256 bytes 


In Table 1, there are a lot of combinations of reliability and latency, which depend on the actual requirement of the scenarios. Thus, in addition to the requirement baseline, i.e., the combination of (1-10-5, 1ms, 32 bytes packet), some other combinations of reliability and latency, especially those with less stringent requirements also need to be considered in URLLC for LTE.
Proposal 2: In addition to (1-10-5, 1ms, 32 bytes packet), other combinations of reliability and latency with less stringent requirements need to be further considered in URLLC for LTE.
3 Potential Solutions for Latency Reduction
3.1 TTI length
In Table 2, the DL transmission latency of different (s)TTI length in FDD is shown. 
Table 2. DL transmission delay in FDD (in ms)
	Step
	Description
	1 ms TTI
	1-slot sTTI
	2-OS sTTI

	
	
	
	
	n+6 timing
	n+4 timing

	1
	eNB + UE Processing Delay
	2
	1.5
	0.83
	0.5

	2
	TTI duration
	1
	0.5
	0.17
	0.17

	3
	extra 1 time repetition
	1
	0.5
	0.17
	0.17

	Total delay with 1 shot transmission
	3
	2
	1
	0.67

	Total delay with 2 repetition
	4
	2.5
	1.17
	0.83

	Total delay with 3 repetition
	5
	3
	1.33
	1


From the results in Table 2, the following observation can be made:
Observation 1: In DL transmission, the 1 ms latency requirement can be fulfilled by 2-OS sTTI.
3.2 Grant-free v.s. grant-based UL transmission for URLLC
To accommodate sporadic URLLC UL traffic, two options can be considered: grant-based and grant-free transmission. Compared to grant-free transmission, grant-based transmission includes additional delay due to scheduling request, eNodeB decoding delay of the request, transmission of UL grant, and UE decoding delay of the grant. To clarify the impact of these additional delays, the description of each step and corresponding latency are shown in the following table.

Table 3. 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 in RAN
	11.5 * (s)TTI


Note: also assuming n+4 timing for sTTI.
Table 4. Latency of UL transmission without grant
	
	Description
	Value in current LTE

	1
	UE Processing Delay ( 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 in RAN
	4 * (s)TTI


Comparing Table 3 and Table 4, we can see that the latency of grant free is much less than that of grant based. Thus, we have the following observation and proposal:
Observation 2: In UL transmission, grant-free is more suitable for traffic with stringent latency requirements.
Proposal 3: UL transmission without grant should be supported for URLLC in LTE.
4 Potential Solutions for Ultra Reliability
4.1 PDCCH False alarm reduction
To guarantee the high reliability of URLLC transmission, the false alarm issue of PDCCH (i.e., A UE not being scheduled but falsely detects a DL assignment or an UL grant) needs to be studied. In legacy LTE, a UE detects its PDCCH by checking a 16-bit length CRC. Assuming the number of blind detection attempts is M, the probability of false alarm can be approximated as 
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. When the UE falsely detects a DL assignment, it will fail to decode the corresponding PDSCH and may save the invalid data in its soft buffer. There are subsequent cases in PDCCH/sPDCCH false alarm considering the downlink transmission:

· FA (False Alarm) case 1: There is no TB under retransmission in the HARQ process with the same HARQ process ID as in the fake DCI.

· FA (False Alarm) case 2: There is a TB under retransmission in the HARQ process with the same HARQ process ID as in the fake DCI.
In FA case 1, as there is no TB under retransmission in the same HARQ process, UE will store the fake PDSCH data into buffer if fake NDI indicates a new data, and just drop the fake PDSCH if fake NDI indicates a retransmission. Afterwards, a real PDCCH/sPDCCH scheduling a PDSCH in the HARQ process would make the UE drop the fake data in the buffer. Therefore, there is no negative impacts to the downlink transmission in this case.
In FA case 2, if fake NDI indicates a new data, the buffer of previous transmission would be dropped and the buffer of following real retransmission would be contaminated. If fake NDI indicates a retransmission, then the buffer of the previous transmission is contaminated. As a result, the corrupted HARQ buffer invalidates the previous and subsequent “real” (re)transmission(s) in this case. For example as shown in Figure 1, a UE falsely detects a DL assignment indicating the same HARQ process, NDI value and TBS as the directly subsequent “real” initial transmission. The exact probability for the above error case caused by false alarm would depend on detailed design for URLLC, e.g. PDCCH and HARQ design. 
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Figure 1. Illustrations of false alarm issues in FA case 2 - buffer contamination in DL transmission
Table 5. Probability of buffer contamination in DL transmission in FA case 2
	Probability of buffer contamination
	Number of blind detection attempts

	
	10
	20
	40

	Number of different TBS 

supported in URLLC for LTE
	1
	7.6×10-5
	1.5×10-4 
	3.1×10-4

	
	10*
	7.6×10-6
	1.5×10-5 
	3.1×10-5




*: It is assumed that in FA case 2, if the TBS in fake DCI and TBS in previous/subsequent are different, the false alarm is detected and the data in buffer are dropped without buffer contamination.
The preliminary evaluation results of impacts from false alarm are shown in Table 5.  Based on results in Table 5, the following observation is made.
Observation 3: Current false alarm is close to or larger than 10-5, which cannot fulfill the requirement on reliability.
In NR, the CRC length is increased to provide a false alarm rate equivalent to a 21 bit CRC as blind decodes ‘per unit time’ may be increased with wider bandwidth or mini-slots. However, we need to justify the necessity of increasing CRC length on URLLC for LTE, or instead, study other schemes to help the UE discover the false alarm event.

Proposal 4: The PDCCH/sPDCCH false alarm needs further study to ensure the reliability requirement of URLLC.
4.2 Transmission mechanisms
From the simulation results in [4], we can see that reliability largely increases by repetition in both of UL and DL systems and the latency does not exceed 1 ms. Compared with HARQ-based retransmission which leads to large transmission latency, both UL and DL repetition without HARQ should be supported for URLLC in addition to HARQ-based retransmission. Then, we have the following proposal:
Proposal 5: For supporting URLLC in LTE, the following options should be considered:
· One shot transmission with lower MCS, more resources or multiple component carriers;
·  Repetition in time domain without HARQ 
5 Backward compatibility
5.1 Multiplexing between legacy traffic and URLLC traffic

As the analysis in [4] that the RU (resource utility) in URLLC is very low, thus to increase the resource efficiency, multiplexing between URLLC and eMBB should be considered. Therefore, legacy 1 ms TTI transmission may be punctured by sTTI which carries URLLC. However, the backward compatibility has to be considered as earlier-release UEs punctured by sTTI might be significantly impacted.
Proposal 6: The backward compatibility of multiplexing between legacy traffic and URLLC traffic should be considered.

5.2 CBG-based retransmission for URLLC traffic
As discussed in NR, CBG-level HARQ-ACK feedback and retransmission is supported to decrease the physical resources occupied by retransmission since only the punctured CBG(s) are retransmitted. With the same reason, this scheme can also be supported in LTE systems.
As the discussion in section 2, URLLC traffic with larger payload sizes, such as some cases in (e)V2X may also need to be considered in URLLC for LTE. In these scenarios, CBG-based retransmission is beneficial for URLLC traffic on both of the aspects of resource usage efficiency and latency. Thus, we have the following proposal:
Proposal 7: CBG-based HARQ-ACK feedback and retransmission are supported for URLLC for LTE.

6 Conclusions
In this contribution, the overview on support of URLLC traffic in LTE is discussed. We have the following observation and proposals:
Observation 1: In DL transmission, the 1 ms latency requirement can be fulfilled by 2-OS sTTI.
Observation 2: In UL transmission, grant free is more suitable for traffic with stringent latency requirements.
Observation 3: Current false alarm is close to or larger than 10-5, which cannot fulfill the requirement on reliability.
Proposal 1: As a baseline, URLLC for LTE should fulfill the requirement defined by ITU, i.e., 1-10-5 success probability in transmitting a layer 2 PDU of 32 bytes within 1 ms.
Proposal 2: In addition to (1-10-5, 1ms, 32 bytes packet), other combinations of reliability and latency with less stringent requirements need to be further considered in URLLC for LTE.
Proposal 3: UL transmission without grant should be supported for URLLC in LTE.
Proposal 4: The PDCCH/sPDCCH false alarm needs further study to ensure the reliability requirement of URLLC.
Proposal 5: For supporting URLLC in LTE, the following options should be considered:
· One shot transmission with lower MCS, more resources or multiple component carriers;
·  Repetition in time domain without HARQ 
Proposal 6: The backward compatibility of multiplexing between legacy traffic and URLLC traffic should be considered.

Proposal 7: CBG-based HARQ-ACK feedback and retransmission are supported for  URLLC for LTE.
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