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Introduction
In this contribution, we first present some preliminary link-level simulation result for PUSCH. Based on the evaluation, some candidate techniques such as IFDMA transmission, PUSCH repetition and MCS enhancement are discussed.
Link-level simulation results for PUSCH
[bookmark: OLE_LINK40]In this section, the link-level assumptions used are listed in Annex 1, which is based on the agreements achieved in the email discussion [91-LTE-7] [1]. 
In the short TTI WI, it was agreed that the TBS scaling factor for 2/3-symbol sPUSCH is 1/12 and 2/12 for 1 and 2 data symbols in sPUSCH respectively. That is 120 RBs is needed for a 2-symbol sTTI to transmit 32-Byte, which exceeds the maximum available RB number for up to 20MHz BW. Thus, in order to support MCS0 with 32 Byte, 3-symbol sTTI with 2 data symbols and 60 RBs is needed. For a higher MCS, e.g., MCS3, 2-symbol sTTI with 1 data symbol and 60 RBs is needed. In the following, we simulate MCS0 in a sTTI with one data symbol and MCS3 in a sTTI with two data symbols, under different number of transmission times and receiver antennas. The simulation results are presented as follows. More details could be found in Annex 1. 
[bookmark: _Ref494466027]Table 1. Required SNR of UL transmission for TDL-E
	
	Transmission scheme
	Working Point (Es/N0 in dB)

	
	
	BLER=10-4
	BLER=10-5

	
	
	1Tx*2Rx
	1Tx*4Rx
	1Tx*2Rx
	1Tx*4Rx

	MCS0
	3 OS sTTI with 2 data symbols,
1-shot transmission
	-4.4
	-7.44
	-1.83
	-6.4

	
	3 OS sTTI with  2 data  symbols,
one initial transmission and one repetition
	-7.16
	-[footnoteRef:1] [1:  Entries marked with gray are not simulated. ] 

	-6
	-

	MCS 3
	2 OS sTTI with 1  data symbol,
1-shot transmission
	-1.83
	<-5
	-1.2
	-4.68

	
	2 OS sTTI with 1 data symbol,
one initial transmission and one repetition
	<-5
	-
	-4.25
	-


Based on the simulation results provided in [2], the Q value for PUSCH with randomly resource allocation is about -1.5dB. As shown in Table-1, we can infer the following observations: 
 and for TDL-E with DS=93ns, most of the simulation cases can satisfy the reliability requirement for the possible Q value except the case of 2OS sTTI with one shot transmission @BLER=10-5.
Observations 1: For a Q-value of -1.5dB, TDL-E with DS = 93ns and antenna configuration 1Tx-2Rx, 
· the reliability of 99.99% can be achieved by MCS0 and MCS3 with one-shot PUSCH transmission.
· the reliability of 99.999% can be achieved by MCS0 with one-shot PUSCH transmission or MCS3 with one initial transmission and one repetition.
Table 2. Required SNR of UL transmission for TDL-C
	
	Transmission Strategy
	Working Point (Es/N0 in dB)

	
	
	10-4
	10-5

	
	
	1T*2R
	1T*4R
	1T*2R
	1T*4R

	MCS0
	3 OS sTTI with 2 data symbols,
1-shot transmission
	3.6
	-5.2
	>4
	-4.2

	
	3 OS sTTI with  2 data  symbols,
one initial transmission and one repetition
	-2.05
	-
	-0.65
	-

	MCS 3
	2 OS sTTI with 1  data symbol,
1-shot transmission
	-
	-2.65
	-
	-1.5

	
	2 OS sTTI with 1 data symbol,
one initial transmission and one repetition one initial transmission and one repetition
	0.65
	-
	>2
	-


For TDL-C with DS =363ns, the situation gets more challenging. For the baseline transmission scheme with 1Tx and 2Rx and one shot transmission, it cannot satisfy the reliability requirement even for 10-4. By increasing the receiver antenna number up to 4, significant performance gain is obtained. The required SNR to reach the reliability of 10-5 is about -4dB for MCS0 and -1.5dB for MCS3, which is lower than or equal to the Q value for PUSCH. 
Repetition is another means to increase the reliability. But as shown in the simulation results, 2 repetitions may not be enough for antenna configuration 1Tx-2Rx. 3 or 4 times of repetition may be needed. But considering the latency bound, more than 4 repetitions seems impractical.
Observations 2: For a Q-value of -1.5dB, TDL-C with DS = 363ns and antenna configuration 1Tx-2Rx, 
· the reliability of 99.999% cannot be achieved even by MCS0 with one initial transmission and one repetition.
· the reliability of 99.99% can be only achieved by MCS0 with one initial transmission and one repetition.
Observations 3: For a Q-value of -1.5dB, TDL-C with DS = 363ns and antenna configuration 1Tx-4Rx, 
· the reliability of 99.999% can be achieved by MCS0 or MCS3 with one-shot PUSCH transmission. 
PUSCH related techniques 
Some candidate solutions for PUSCH are discussed below.
IFDMA transmission
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 [3] for 2-symbol sPUCCH with large payload can be considered. According to contribution [3], that is both data and DMRS from one UE can be transmitted on the same symbol to achieve better performance. For the case of 2-OS sTTI PUSCH transmission, 50% additional resource can be used for PUSCH transmission. The performance gain is especially meaningful for this case, and can in term increase the percentage of UEs to satisfy the reliability requirement.
Proposal 1: IFMDA structure for DMRS and data can be considered for LTE URLLC PUSCH.  
Repetition
Data repetition is one simple way to improve the reliability for physical channels. Considering low latency requirement, a small number of repetition times can be considered. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK18]But DMRS overhead needs to be reduced in case the repetition is based on short TTI. In short TTI work item, it was already agreed that UL DMRS sharing is supported. For a given repetition factor, a fixed DMRS pattern can be used instead of using 2-bit indication in DCI. For example, every two sTTI contains one DMRS symbol. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK48][bookmark: OLE_LINK35]Proposal 2: PUSCH repetition should be supported for LTE URLLC, and a fixed DMRS pattern among the repetitions is applied.  
Multiple Receive Antenna
As shown in our simulation results, multiple antenna reception is the simplest way to improve the link level performance. Maybe 4 Rx should be a baseline for URLLC UL transmission. Since the Rx antenna is at the eNB side for PUSCH, 4 Rx antenna may not be an issue. And this has no impact on the specification.
Proposal 2: For PUSCH transmission, antenna configuration of 1Tx-4Rx should be a baseline. 
MCS/CQI table enhancement 
Since ultra-reliability is required for LTE URLLC, the code rate for CQI table and MCS table is supposed to be relatively small. Consequently, the CQI table and MCS table with higher code rates may be not desirable. Some entries in the tables can be removed. This is expected to be a very contentious topic. For a fast convergence among companies, we suggest that the CQI table and MCS table in eMTC could be reused for LTE-URLLC. 
[bookmark: OLE_LINK64]Proposal 3: The CQI table and MCS table in eMTC should be reused for LTE URLLC. 
In LTE URLLC, it is desirable that redundancy versions with incremental redundancy are supported. However, if the code rate is smaller than or equal to the mother code rate (i.e. 1/3), only gain of chase combination could be obtained for RV1 or RV2 or RV3. Therefore, RV0 is sufficient for code rate smaller than the mother code rate. Given the effective code rates for most MCSs may be relatively small, the indication of RV index for small code rate becomes unnecessary. Thus, the number of RVs should be limited for some small code rates. Of course, for code rates lager than the mother code rate, considerable gain from incremental redundancy can be obtained and incremental redundancy are still required. 
[bookmark: OLE_LINK58]Observation 4: Only gain of chase combination is obtained for a code rate smaller than or equal to the mother code rate. 
Proposal 4: The number of RVs should be limited for some small code rates.
If compact DCI is supported for LTE URLLC, it is desirable to jointly encode the MCS indication and RV indication. For example, a joint MCS & RV table can be designed for LTE URLLC, wherein TBS index, modulation order as well as RV index are jointly indicated by MCS index. The number of MCS entries can be reduced since some MCSs with large code rate may be not included in MCS table. As a result, 2~3 signaling bits may be saved.  
[bookmark: OLE_LINK65]Proposal 5: A joint coding of MCS and RV should be supported.
Conclusion
According to the analysis given above, we have the following observations and proposals: 
Observations 1: For a Q-value of -1.5dB, TDL-E with DS = 93ns and antenna configuration 1Tx-2Rx, 
· the reliability of 99.99% can be achieved by MCS0 and MCS3 with one-shot PUSCH transmission.
· the reliability of 99.999% can be achieved by MCS0 with one-shot PUSCH transmission or MCS3 with one initial transmission and one repetition.
Observations 2: For a Q-value of -1.5dB, TDL-C with DS = 363ns and antenna configuration 1Tx-2Rx, 
· the reliability of 99.999% cannot be achieved even by MCS0 with one initial transmission and one repetition.
· the reliability of 99.99% can be only achieved by MCS0 with one initial transmission and one repetition.
Observations 3: For a Q-value of -1.5dB, TDL-C with DS = 363ns and antenna configuration 1Tx-4Rx, 
· the reliability of 99.999% can be achieved by MCS0 or MCS3 with one-shot PUSCH transmission. 
Observation 4: Only gain of chase combination is obtained for a code rate smaller than or equal to the mother code rate. 
Proposal 1: IFMDA structure for DMRS and data can be considered for LTE URLLC PUSCH.  
Proposal 2: PUSCH repetition should be supported for LTE URLLC, and a fixed DMRS pattern among the repetitions is applied.  
Proposal 3: The CQI table and MCS table in eMTC should be reused for LTE URLLC. 
Proposal 4: The number of RVs should be limited for some small code rates.
Proposal 5: A joint coding of MCS and RV should be supported.
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Annex 1
Table A-1. Link-level simulation assumptions
	Parameter
	Values

	Carrier frequency
	700MHz

	System bandwidth
	20MHz

	Packet size
	32Byte 

	Allocated bandwidth
	60 PRBs

	Channel model
	TDL-C with DS=363ns
TDL-E with DS = 93ns 

	UE speed
	3km 

	Transmission mode
	Single antenna transmission

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	MCS
	MCS 0 for 3-OS sTTI
MCS 3 for 2-OS sTTI

	Channel coding
	Turbo

	Repetition
	1, 2

	Performance metrics
	BLER = 10-4, 10-5




[image: ]
Figure-A1. Simulation results for TDL-C with DS = 363ns 
[image: ]
Figure-A2. Simulation results for TDL-E with DS = 93ns 
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