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Introduction
One objective of LTE-URLLC per the WID [1] is as following:
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.
 
The following agreements were achieved at RAN1#90bis: 
Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.
Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.
This contribution provides analysis and the set of candidate to fulfil the target requirements of (10-5, 1ms) and (10-4, 10ms), respectively, based on the simulation results with aligned assumptions. 
[bookmark: _Ref505968424]Observations from simulation results
The preliminary system-level and link-level simulation results were provided in [2], which aims to evaluate whether the target requirements can be met for URLLC and preliminarily identify candidate techniques for UL and DL transmissions for respective target requirements. 
The email discussion launched after RAN1#91 proposed some aligned simulation assumptions based on which the simulation results and observations are updated in [3]. Some observations are copy-pasted as below for ease of discussion on candidate techniques: 
· The requirement of (10-5, 1ms, 32 bytes) can be achieved for DL data channel by 1-shot transmission of 2 OS sTTI in case of 4T2R.
· The requirement of (10-5, 1ms, 32 bytes) can be achieved for DL data channel by 2 or 3 repetitions of 2 OS sTTI in cases of 2T2R and 4T2R.
· The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved for DL data channel by 1 HARQ retransmission of 2 OS sTTI.
· The requirement of (10-5, 1ms, 32 bytes) can NOT be achieved by grant-based UL data channel even though by sTTI.
· The requirement of (10-5, 1ms, 32 bytes) can be achieved by grant-free UL data channel of 2 OS sTTI.
· The requirement of (10-4, 10ms, 32 bytes) can be achieved for DL data channel by 1 HARQ retransmission of 2 OS sTTI.
· The requirement of (10-4, 10ms, 32 bytes) can be achieved for grant-based UL data channel by 1-shot transmission (in cases of 1T4R and 1T8R), repetitions or 1 HARQ retransmission of 2 OS sTTI.
[bookmark: _Ref505964327]Candidate techniques for requirement of (10-5, 1ms) 
[bookmark: _Ref505962444]Downlink
To achieve the requirement of (10-5, 1ms), HARQ-less downlink transmission is proposed in [4] for study based on the observations from the simulation results. PDSCH reliability will rely on either one-shot transmission with low coding rate or repetition in time domain rather than HARQ re-transmission. In addition, PDSCH reliability also relies on PDCCH reliability. Therefore, in order to achieve the target for downlink, the PDCCH and PDSCH reliability should both be taken into account. For this issue, three options can be envisioned for (PDCCH+PDSCH) reliability enhancement:
· A TB is repeated on PDSCH, each of which is scheduled by one PDCCH
· A TB is repeated on PDSCH which is scheduled by a single PDCCH
· A TB is repeated on PDSCH which is scheduled by a single PDCCH with repetition
The detailed analysis for the three options can refer to [5]. These three options can all be considered. 
For PDCCH reliability enhancement, in addition to repetition, compact DCI, increasing aggregation level, false alarm identification are considered referring to [6] for details. Refer to [7] for detailed design on compact DCI which can preclude fields of HARQ process ID, RV, DAI, TPC common, or ARI. Fields of RA or MIMO related can be of size reduced as well. 
[bookmark: _Ref505962903]Uplink 
According to the simulation results, uplink transmission can only rely on grant free, as called configured transmission without dynamic grant in NR with sTTI to meet the requirement of (10-5, 1ms). Configured uplink transmission without dynamic grant was discussed in NR and two types as below were specified:
· Configured grant Type 1 where an uplink grant is provided by RRC, and stored as configured uplink grant;
· Configured grant Type 2 where an uplink grant is provided by PDCCH, and stored or cleared as configured uplink grant based on L1 signalling indicating configured grant activation or deactivation.
Two types uplink transmission of configured grant can be both considered in LTE. In addition, when repetition is configured, whether and how to enhance indicating the repetition number, determining the HARQ process ID, avoiding collision among UEs, etc., are considered. Details can refer to [8]. 
CQI/MCS enhancement
It is beneficial to keep scheduling flexibility for eNB to choose between one-shot or repetition for data channel transmission, even if only for the target of (10-5, 1ms). Therefore, two target BLERs CQI report can be considered. Similarly, the current MCS table is improper anymore as not be able to indicate a lower coding rate than MCS0. However, enlarging the current MCS table by adding more entries with lower coding rate than MCS0 is unfavorable as it increases the DCI size. Rather, lower coding rate can be implemented by indicating both MCS and repetition. Details can refer to [9].
Given it is HARQ-less transmission for PDSCH as discussed in section 3.1, there is no need to support PUCCH for HARQ-ACK feedback at least. Furthermore, periodic CSI on PUCCH is not supported for the sTTI in Rel-15. A-CSI triggered by downlink or uplink compact DCI can be considered. Details can refer to [9]. 
Multiplexing between eMBB and URLLC
From low latency perspective, multiplexing between eMBB and URLLC by allowing eMBB downlink resources being pre-empted by URLLC can be considered as well [10] as it is specified in NR URLLC. 
Candidate techniques for requirement of (10-4, 10ms) 
Based on simulation results, the set of candidates meet the requirement of (10-4, 10ms) are discussed in this section. In details, for example, for PDSCH reliability, sTTI PDSCH with HARQ re-transmission is feasible; for PDCCH reliability, may only need to introduce aggregation level 16. 
In addition, PUCCH is needed to carry HARQ-ACK at least for HARQ based PDSCH transmission. Therefore, PUCCH as coverage bottleneck of systems needs to be enhanced, including PUCCH repetition referring to [11] for details. According to the observation in section 2, the requirement of (10-4, 10ms) can be achieved for grant-based PUSCH with sTTI, so whether or how to enhance SR is considered in [8] for details. 
In principle, the set of candidates discussed in section 3 can work for requirement of (10-4, 10ms) as well. However, if the above-mentioned techniques for requirement of (10-4, 10ms) are specified with light efforts, the two sets of candidates can be flexibly chosen if necessary for eNB to balance between the spectral efficiency and target requirement fulfillment. 
In the end, the set of candidate techniques for requirements of (10-5, 1ms) and the set of candidates for requirements of (10-4, 10ms) are summarized in Table 1, which leads to the following proposal:
Proposal 1: Specifying the candidate techniques based on the following table for requirements of (10-5, 1ms) and (10-4, 10ms), respectively. 

[bookmark: _Ref505970585]Table 1: Summary of candidate techniques for requirements of (10-5, 1ms) and (10-4, 10ms)
	Candidate techniques
	Requirement of (10-5, 1ms)
	Requirement of (10-4, 10ms)

	Downlink

	Compact DCI
	√
	√

	
	Aggregation level of 16
	√
	√

	
	False Alarm identification
	√
	

	
	(PDCCH+PDSCH) reliability enhancement
	√
	

	
	HARQ based PDSCH
	
	√

	
	HARQ-less PDSCH
	√
	

	
	MCS/CQI enhancement
	√
	

	
	Multiplexing between eMBB and URLLC
	√
	

	Uplink
	UL with configured grant (Grant free)
	√
	

	
	UL grant based PUSCH
	
	√

	
	PUCCH repetition
	
	√



Conclusion
This contribution presents the observations from simulations, based on which candidate techniques are analyzed for requirements of (10-5, 1ms) and (10-4, 10ms), respectively, which leads to the following proposal: 
Proposal 1: Specifying the candidate techniques based on the following table for requirements of (10-5, 1ms) and (10-4, 10ms), respectively. 

Table 1: Summary of candidate techniques for requirements of (10-5, 1ms) and (10-4, 10ms)
	Candidate techniques
	Requirement of (10-5, 1ms)
	Requirement of (10-4, 10ms)

	Downlink

	Compact DCI
	√
	√

	
	Aggregation level of 16
	√
	√

	
	False Alarm identification
	√
	

	
	(PDCCH+PDSCH) reliability enhancement
	√
	

	
	HARQ based PDSCH
	
	√

	
	HARQ-less PDSCH
	√
	

	
	MCS/CQI enhancement
	√
	

	
	Multiplexing between eMBB and URLLC
	√
	

	Uplink
	[bookmark: _GoBack]UL with configured grant (Grant free)
	√
	

	
	UL grant based PUSCH
	
	√

	
	PUCCH repetition
	
	√




[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref506387529][bookmark: _Ref477162777][bookmark: _Ref505951490][bookmark: _Ref464747989][bookmark: _Ref484505554][bookmark: _Ref454986214]RP-172845, Revised Work item on Ultra Reliable Low Latency Communication for LTE, RAN#78, Lisbon, Portugal, Dec.18-21, 2017.
[2] [bookmark: _Ref506387572]R1-1719502, “Evaluation assumption and preliminary results for LTE URLLC,” Huawei, HiSilicon, RAN1#91, Reno, USA, Nov. 27- Dec. 1, 2017.
[3] [bookmark: _Ref505952335]R1-1801868, “Remaining details of evaluations,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[4] [bookmark: _Ref505956106][91-LTE-10] Email discussion on candidate techniques for LTE URLLC.
[5] [bookmark: _Ref505957957]R1-1801872, “PDSCH design for LTE URLLC,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[6] [bookmark: _Ref505967466]R1-1801389, “PDCCH design for LTE URLLC,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[7] [bookmark: _Ref505958680]R1-1801873, “Compact DCI for LTE URLLC,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[8] [bookmark: _Ref505960150]R1-1801387, “PUSCH design for LTE URLLC,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[9] [bookmark: _Ref505962103]R1-1801869, “CSI and MCS design for LTE URLLC,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[10] [bookmark: _Ref505963320]R1-1801390, “LTE URLLC and eMBB multiplexing,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.
[11] [bookmark: _Ref505967874]R1-1801388, “PUCCH design for LTE URLLC,” Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26- Mar. 2, 2018.

