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Introduction
The following agreement is achieved based on email discussion [91-LTE-09] [1] in the reflector. 
Agreements:
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE:
	 
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7


[bookmark: OLE_LINK5][bookmark: OLE_LINK19]In this contribution, we first present some preliminary link-level simulation result for PDSCH. Based on the evaluation, candidate techniques including repetition, HARQ-ACK enhancement, puncturing indication, increased number of SPS starting points and MCS table enhancement are discussed.  
PDSCH link-level simulation
[bookmark: OLE_LINK40][bookmark: _GoBack]In this section, the link-level assumptions used are listed in Appendix 1, which is based on the agreements achieved in the email discussion [91-LTE-7] [2]. 
[bookmark: OLE_LINK41]In Figure 1, MCS#3 is assumed and 30 consecutive PRBs are allocated to one user. As shown, the reliability of 99.999% can be reached at SNR = 0dB in TDL-C model with 2Tx-2Rx antenna configuration. However, the Q-value (5th percentile SINR) for PDSCH is -2.6dB. That is 2.6dB enhancement is required. One way is to further reduce the code rate e.g. MCS0, with increasing the number of PRBs. Theoretically, at least 3dB gain due to the increasing of power can be obtained, and 99.999% reliability can be fulfilled.    
[image: ]
[bookmark: OLE_LINK39]Figure 1 Simulation results of PDSCH
Observation 1: For PDSCH transmission with MCS = 3, the reliability of 99.999% cannot be fulfilled in TDL-C model with 2Tx-2Rx antenna configuration.
PDSCH related techniques
PDSCH repetition
Using an extremely small coding rate in one transmission may be beneficial to the latency, but it will need too many PRBs, e.g. 60 PRBs for MCS#0 in a 2-OS sTTI. This would impact the scheduling flexibility. One simple way is to use PDSCH repetition, which has been used in eMTC/NB-IoT for improving link-level performance. Generally about 3dB can be obtained by doubling the transmission times. 
[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 DL DMRS sharing among two sTTI is supported. For a given repetition factor, a fixed DMRS pattern can be used instead of using 1-bit indication in DCI. For example, every two sTTI contains DMRS REs. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK48][bookmark: OLE_LINK35]Proposal 1: PDSCH repetition should be supported for LTE URLLC, and a fixed DMRS pattern among the repetitions is applied.  
HARQ-ACK enhancement
[bookmark: OLE_LINK45][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK36]For LTE URLLC with HARQ feedback, the 1ms latency requirement may not be achieved in some cases, e.g., the HARQ timing is already beyond the latency boundary. In order to avoid unnecessary feedback, a UE could decide not to send the feedback for a downlink transmission if the time duration between the HARQ-ACK feedback for a (re)transmission and initial transmission is larger than a threshold T. In case of 1ms@99.999% and 10ms@99.99%, T could be set as 1ms and 10ms, respectively. 
[bookmark: OLE_LINK44]This will not impact the performance of URLLC because the feedback is already not satisfied the target of latency. Meanwhile, the resource of feedback and later re-transmission can be saved and the interference to other UEs can be reduced.
[bookmark: OLE_LINK29][bookmark: OLE_LINK59][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK63][bookmark: OLE_LINK51]Proposal 2: HARQ-ACK feedback for PDSCH is not needed if the time duration between a HARQ-ACK feedback and the initial transmission is larger than T, wherein the HARQ-ACK is associated with a retransmission or the initial transmission, and T=1ms@99.999%, 10ms@99.99%.
Puncturing indication
[bookmark: OLE_LINK52][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Similar to the pre-emption transmission in NR, puncturing MBB PDSCH traffic in LTE can be also considered for LTE URLLC UE. In case there are not enough resources for URLLC transmission, resources for MBB PDSCH can be punctured and used for URLLC traffic with high priority. Meanwhile, puncturing indication could be sent to the punctured UE. But, the puncturing indication can only be used to Rel-15 MBB UE.
[bookmark: OLE_LINK9][bookmark: OLE_LINK53]For Rel-15 MBB UE, the pre-emption indication mechanism in NR can be mostly reused. Only small changes is needed based on LTE/short TTI structure. For example, the time domain units M=14, 7 can be changed to M=6 because there are 6 sTTI in one subframe. The time granularity of puncturing indication could be set as 2/3 symbols. 
[bookmark: OLE_LINK15]Since puncturing indication cannot be received for legacy UE, some other schemes without reducing the spectrum efficiency too much should be considered. For instance, the reference signal of the PDSCH from a legacy UE should not be punctured, especially for DMRS. Then the punctured PDSCH could be received successfully with a higher probability. 
[bookmark: OLE_LINK60]Proposal 3: Puncturing indication can be used for the punctured PDSCH of a Rel-15 MBB UE, while the DMRS of a legacy UE should not be punctured.
[bookmark: OLE_LINK24]Granularity of the SPS starting point
[bookmark: OLE_LINK54][bookmark: OLE_LINK21][bookmark: OLE_LINK20][bookmark: OLE_LINK25]In case of SPS transmission with 1-sTTI interval, the resource allocated by the activated DCI for a UE cannot be used by other UEs until a released DCI is received. Since anyway the resources are only valid for this activated UE, it would make no sense to restrict this UE always transmitting at a sTTI boundary. Thus, an increased opportunities of SPS starting points can be used to reduce the latency of Frame Alignment in one way U-plane delay.
[bookmark: OLE_LINK27][bookmark: OLE_LINK31][bookmark: OLE_LINK26][bookmark: OLE_LINK23][bookmark: OLE_LINK55][bookmark: OLE_LINK28][bookmark: OLE_LINK32][bookmark: OLE_LINK61]For a given TTI-length, the original latency of Frame Alignment is 0.5*(duration of a TTI). If the granularity of the SPS starting point is set as symbol-level in one subframe, the latency of Frame Alignment can reduced to 0.5*(duration of an OFDM symbol). Then additional latency in one way U-plane delay can be saved.
Proposal 4: Granularity of SPS starting point can be reduced to symbol-level instead of sTTI-level to reduce the Frame Alignment latency.
MCS/CQI table enhancement 
[bookmark: OLE_LINK62]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 5: 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 2: Only gain of chase combination is obtained for a code rate smaller than or equal to the mother code rate. 
Proposal 6: 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 7: If compact DCI is supported for LTE URLLC, a joint coding of MCS and RV should be supported. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: For PDSCH transmission with MCS = 3, the reliability of 99.999% cannot be fulfilled in TDL-C model with 2Tx-2Rx antenna configuration.
Observation 2: Only gain of chase combination is obtained for a code rate smaller than or equal to the mother code rate. 
Proposal 1: PDSCH repetition should be supported for LTE URLLC, and a fixed DMRS pattern among the repetitions is applied.  
Proposal 2: HARQ-ACK feedback for PDSCH is not needed if the time duration between a HARQ-ACK feedback and the initial transmission is larger than T, wherein the HARQ-ACK is associated with a retransmission or the initial transmission, and T=1ms@99.999%, 10ms@99.99%.
Proposal 3: Puncturing indication can be used for the punctured PDSCH of a Rel-15 MBB UE, while the DMRS of a legacy UE should not be punctured.
Proposal 4: Granularity of SPS starting point can be reduced to symbol-level instead of sTTI-level to reduce the Frame Alignment latency.
Proposal 5: The CQI table and MCS table in eMTC should be reused for LTE URLLC. 
Proposal 6: The number of RVs should be limited for some small code rates.
Proposal 7: If compact DCI is supported for LTE URLLC, a joint coding of MCS and RV should be supported. 
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Appendix 1
Table A. Link-level simulation assumptions
	Parameter
	Values

	Carrier frequency
	700MHz

	System bandwidth
	20MHz

	Packet size
	32Byte 

	Allocated bandwidth
	30 PRBs

	Channel model
	TDL-C with DS=363ns

	UE speed
	3km 

	Transmission mode
	TM2

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	MCS
	MCS 3 for 2-OS sTTI

	Channel coding
	Turbo

	Performance metrics
	BLER = 10-5
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