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Introduction
In RAN #75 meeting, the new WI: Ultra Reliable Low Latency Communication for LTE was approved and revised in [1]:
· The work is to be carried out in two phases. The first phase is to identify a set of reliability and latency requirements targeted for LTE and the corresponding candidate solutions, and to identify the most promising candidate solution(s). The second phase is to specify the most promising candidate solution(s) identified in the first phase.
In last RAN1 #90b meeting, the following agreements on Ultra Reliable Low Latency Communication for LTE were made [2]:
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 gives some analysis on how to achieve the requirement of reliability and latency for LTE URLLC, and also presents some candidate solutions. 
Analysis on the feasibility of latency and reliability requirement 
The reliability requirement of 99.99% and 99.999% for LTE URLLC has been approved in RAN 1 #90b. In this section, feasibility of reliability within latency requirements is discussed.
Considering transmission by K times for one HARQ process and error probability  for each HARQ retransmission, the one way delay can be given by:
            DUP,typical[ms] =                                 (1)
Where  can be RTT which means HARQ retransmission, or TTI duration which means data repetition.
For K=1, which means the target reliability is achieved by one shot transmission. For DL and UL, a set of reliability and latency analysis is listed in Table 1 and Table 2 respectively. 
[bookmark: OLE_LINK2]Table 1 Latency requirements (ms) based on a set of reliability requirements when K=1(DL)
	                TTI length
Reliability
	1ms TTI n+4
	1ms TTI n+3
	0.5ms TTI
n+4
	2/3-OS TTI
n+6
	2/3-OS TTI
n+4

	90%
	4.8
	3.6
	2.4
	1.2
	0.8

	99.999%
	4
	3
	2
	1
	0.67


Table 2 Latency requirements (ms) based on a set of reliability requirements when K=1(UL)
	                TTI length
Reliability
	1ms TTI n+4
	1ms TTI n+3
	0.5ms TTI
n+4
	2/3-OS TTI
n+6
	2/3-OS TTI
n+4

	90%
	6.45
	5.25
	3.23
	1.48
	1.08

	99.999%
	5.5
	4.5
	2.75
	1.25
	0.92


Note:  The latency of reliability 99.99% is same with the latency of reliability 99.999% by equation (1). 
Observation 1: With one shot transmission, 99.999% reliability within 1ms latency can be achieved by 2/3-OS TTI in LTE URLLC.
Given that using one shot transmission to achieve 99.999% reliability is quite challengeable. So a set of reliability and latency requirement can be selected by increasing the number of transmission. 
For K>1, it means using K times transmission to satisfy the reliability requirement. For DL, Table 3 lists reliability and latency analysis for K=2 with  and . Accordingly, the analysis for UL is Table 4.
Table 3 Latency requirements (ms) based on reliability requirements when K=2 (DL)
	                TTI length
Reliability
	1ms TTI n+4
	1ms TTI n+3
	0.5ms TTI
n+4
	2/3-OS TTI
n+6
	2/3-OS TTI
n+4

	99.999%()
	4+8=12
	3+6=9
	2+4=6
	1+2=3
	0.67+1.33=2

	99.999%()
	4+1=5
	3+1=4
	2+0.5=2.5
	1+0.17=1.17
	0.67+0.17=0.84


Table 4 Latency requirements (ms) based on reliability requirements when K=2 (UL)
	                TTI length
Reliability
	1ms TTI n+4
	1ms TTI n+3
	0.5ms TTI
n+4
	2/3-OS TTI
n+6
	2/3-OS TTI
n+4

	99.999%()
	5.5+8=13.5
	4.5+6=10.5
	2.75+4=6.75
	1.25+2=3.25
	0.92+1.33=2.25

	99.999%()
	5.5+1=6.5
	4.5+1=5.5
	2.75+0.5=3.25
	1.25+0.17=1.42
	0.92+0.17=1.09


Observation 2: 99.999% reliability within 1ms latency can be achieved by data repetition for DL. 
Observation 3: Either data repetition or HARQ retransmission cannot fulfill 99.999% reliability within 1ms latency for UL.   
Observation 4: Both data repetition and HARQ retransmission can fulfill 99.99% reliability within 10ms latency for both DL and UL.  
One way to reduce the latency for UL is to introduce UL SPS. Table 5 lists the reliability and latency analysis for K=2 with  and .
Table 5 Latency requirements (ms) based on reliability requirements when K=2 (UL, SPS)
	                TTI length
Reliability
	1ms TTI n+4
	1ms TTI n+3
	0.5ms TTI
n+4
	2/3-OS TTI
n+6
	2/3-OS TTI
n+4

	99.999%()
	4+8=12
	3+6=9
	2+4=6
	1+2=3
	0.67+1.33=2

	99.999%()
	4+1=5
	3+1=4
	2+0.5=2.5
	1+0.17=1.17
	0.67+0.17=0.84


Observation 5: By introducing UL SPS, 99.999% reliability within 1ms latency can be achieved by data repetition. 
Proposal 1: In order to achieve 99.999% reliability requirement within 1ms latency requirement, LTE URLLC should support SPS for UL. 
Based on above analysis, the reliability requirement of 99.99% and 99.999% within the confined latency can be achieve by existing TTI format for LTE URLLC. It was also noted in the WID that, for the relevant TTI lengths, the work should be based on the outcome of the “shortened TTIand processing time for LTE”. Therefore, we propose that no new sTTI length should be introduced.
Proposal 2: The relevant TTI lengths of LTE URLLC should be based on the WID of “shortened TTI and processing time for LTE” without introducing new TTI length.
Reliability model 
According to [3], the probability of successful transmissionafterK transmissions for one HARQ process case can be given by:
, where 
Where  is the probability that the jth transmission is successfully received by UE.is the probability of successful PDCCH transmission and  is the probability of successful transmission of k data transmission with HARQ combining at receiver.Here =Prob{DTX or NACK is detected | UE sends DTX}, is the probability that DTX is successfully received or is detected as NACK by eNB, given the UE fails to detect PDCCH. That is represents a data retransmission without HARQ combining at UE side. =Prob{DTX or NACK is detected | UE sends NACK}, is the probability that the NACK is successfully received or is detected as DTX by eNB, given the UE successfully detects PDCCH for the transmission but fails to decode PDSCH. In other words, is the probability that a combinable data retransmission is triggered.
Take K=2 and P=99.999% for example, it has been pointed out that the legacy 99% reliability of PDCCH is not able to meet URLLC requirement of 99.999% and should be improved for a DL HARQ process of maximum 2 transmissions in [3]. The overall reliability target of 99.999% can be achieved by any of following combinations of channel reliabilities:
· When =99.9%, =99.9%, the possible reliability combination is:
· =99.9%, ==99.9%;
· When =99.99%,  =99%, the possible reliability combination is:
· =99.9%, ==99.9%;
· =99.99%, =and=99.99%;
Proposal 3: A unified reliability model is needed to split the overall reliability into the reliability of each UL/DL control and data channel. 
Candidate solutions
Some candidate solutions based on URLLC in NR combined with 2/3 OS sTTI are discussed below.
Possible enhancement for sPUSCH
[bookmark: _GoBack]It was agreed that IFDMA DMRS is supported for 2/3-symbol sPUSCH and at most 2 combs are supported. There exists the case that IFDMA DMRS is configured for a UE in one comb and no DMRS of other UE is configured for another comb. In this case, the design proposed in [4] for 2-symbol sPUCCH with large payload can be considered. According to contribution [4], that is both data and DMRS from one UE can be transmitted on the same symbol to achieve better performance. 
FDM  between eMBB and LTE URLLC
For resource sharing between eMBB and URLLC in NR, it was agreed that DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources. And it was also agreed to support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s) for DL. However, this kind of indication is not backward compatible with the existing LTE system. So scheduling the eMBB and LTE URLLC services on non-overlapping time/frequency resources seems the proper scheme. Similar with short TTI, eMBB and LTE URLLC services can be FDMed as baseline.
CSI enhancement
As discussed in NR URLLC, each PDSCH (re)-transmission for one HARQ progress can have different targeted BLERs. Therefore, CQI report for different target BLERs can be considered for LTE URLLC transmission.
Repetition
Data repetition is one way to improve the reliability for physical channels. Considering low latency requirement, small number of repetition times can be used. This can be also implemented by multiple-sTTI scheduling with the same TB in each sTTI.
Multiple TRP
For reliability improvement, using multiple TRP can be also considered. 
Proposal 4：Candidate solutions listed below can be considered for the enhancement of LTE URLLC.
· IFDMA, FDM between eMBB and URLLC, CSI enhancement, repetition, multiple TRP.
Conclusion
According to the analysis given above, we have the following observations and proposals: 
Observation 1: With one shot transmission, 99.999% reliability within 1ms latency can be achieved by 2/3-OS TTI in LTE URLLC.
Observation 2: 99.999% reliability within 1ms latency can be achieved by data repetition for DL. 
Observation 3: Either data repetition or HARQ retransmission cannot fulfill 99.999% reliability within 1ms latency for UL.   
Observation 4: Both data repetition and HARQ retransmission can fulfill 99.99% reliability within 10ms latency for both DL and UL.  
Observation 5: By introducing UL SPS, 99.999% reliability within 1ms latency can be achieved by data repetition. 
Proposal 1: In order to achieve 99.999% reliability requirement within 1ms latency requirement, LTE URLLC should support SPS for UL. 
Proposal 2: The relevant TTI lengths of LTE URLLC should be based on the WID of “shortened TTI and processing time for LTE” without introducing new TTI length.
Proposal 3: A unified reliability model is needed to split the overall reliability into the reliability of each UL/DL control and data channel. 
Proposal 4：Candidate solutions listed below can be considered for the enhancement of LTE URLLC.
· IFDMA, FDM between eMBB and URLLC, CSI enhancement, repetition, multiple TRP.
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