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1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE [1] was approved in RAN#76 that describes why LTE technology evolution serves use cases of URLLC with satisfying URLLC requirements which was defined ITU IMT-2020 and how to carry out this features with proposed plans (phase 1 and phase 2). In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [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.

In this contribution, potential techniques for UL data channel are discussed to meet above reliability and latency requirements.

2 
Discussions 
In the email discussion [91-LTE-10] [3], several potential techniques were identified:

· Increased redundancy through blind/HARQ-less repetition/TTI-aggregation (i.e. temporal diversity)

· Increased redundancy through lower MCS

· Increased spatial/frequency diversity for PDSCH

· Re-transmission enhancements (incl. adaptive HARQ, drop HARQ if out of latency bound, re-tx earlier than given by the HARQ-Ack timing,..)

· CSI enhancements (i.e. CSI for lower BLER beside others)

· CBG-based URLLC LTE operation

· Early termination techniques

· 1-symbol PDSCH repeated within subslot sTTI
Repetition/TTI aggregation is the most straightforward way to improve PDSCH reliability. Small repetition can be considered, which will not increase the latency much. Similar as eMTC, different RV can be used in each repetition to improve the reliability. Compared with using a low code rate, each repetition can be decoded by UE. Since sending NACK from UE may result in longer latency, HARQ-less repetition can be used to reduce the latency of HARQ feedback. On the other hand, in order to trade off the resource overhead, HARQ-ACK shall also support.  
Early termination seems to be benefit on latency. However, since eNB needs to attempt different hypothesis of HARQ-ACK transmission from UE, it will increase the false alarm/error rate of PUCCH. Therefore, it is not recommended to introduce early termination of PDCSH.

Proposal #1: Consider HARQ-less repetition to improve reliability of PDSCH.  No support of early termination of PDSCH. 
Based on the study in eMTC/NB-IoT, there is no much different between using a lower code rate and using repetition. On the other hand, if different RV can be adopted in each repetition, most of the channel coding gain can be obtained. Moreover, it requires specification change to support lower MCS, including new CQI, new TBS, etc. Therefore, it is not recommended to further introduce lower MCS of existing MCS table.  
Proposal #2: It is not recommended to introduce lower MCS. 

As pointed by many companies, existing PDSCH can obtain sufficient frequency diversity. Therefore, it is not recommended to further enhance frequency diversity for PDSCH. 
Proposal #3: No further enhancement on frequency diversity for PDSCH. 

In LTE, CQI is derived based on 10% BLER of PDSCH. It will be helpful if higher BLER assumption can be used for UE to derive and report a proper CQI, which can help eNB on scheduling.  RRC signaling can enable/configure a CQI report with a lower BLER assumption. However, a new CQI table with lower MCS may not be needed. Existing table with lower BLER target is more usefully for URLLC.

Proposal #4: CQI with lower BLER target can be considered. RRC can be used to enable/configure the target BLER requirement.  
The block size is quite small, e.g., 32 bytes therefore the benefit of supporting CBG based feedback is not expected to be much. A lot of standardization effort is expected to support CBG-based HARQ-ACK feedback. Therefore, we suggest to not to support CBG-based HARQ feedback. 

Proposal #5: No support of CBG-based operation for URLLC.
 1-symbol of PDSCH repeated within subslot TTI is another candidate solution. However, existing 2-symbol frame structure can already meet the latency requirement. On the other hand, in order to achieve the reliability requirement, extreme large BW needs to be occupied. It is not very healthy for LTE system. 
Proposal #6: No support on 1-symbol of PDSCH. 
3 Conclusions
In this contribution, possible URLLC techniques for DL data channel were discussed. Based on discussion, following proposals are summarized as below.

Proposal #1: Consider HARQ-less repetition to improve reliability of PDSCH.  No support of early termination of PDSCH. 

Proposal #2: It is not recommended to introduce lower MCS. 

Proposal #3: No further enhancement on frequency diversity for PDSCH. 

Proposal #4: CQI with lower BLER target can be considered. RRC can be used to enable/configure the target BLER requirement. 
Proposal #5: No support of CBG-based operation for URLLC.
Proposal #6: No support on 1-symbol of PDSCH. 
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