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1. [bookmark: _Ref349588338]Introduction
In RAN 1 #92 meeting, the following agreements were made [1]:
Agreement:
Changes to the frame structure and TTI length are not considered in this work item.
Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
· Study if and how PDSCH repetition can be combined with TTI level FH. 
· URLLC PDSCH MCS design/operation
· Consider the need for URLLC PDSCH MCS design considering other candidate techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design.
· Study the following aspects
· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS
· Combination of MCS with other information e.g. RV, number of repetitions
· URLLC related CQI enhancements
· Consider CQI definition
· lower target BLER(s) for URLLC CQI/CSI
· the CQI relation with lower PDSCH MCS and/or PDSCH repetition.
· Consider CQI reporting enhancements 
· Note: The need for preemption techniques can also be discussed
Agreement:
The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.
· FFS: Details among the four identified variants and including UE capability
Based on above agreements, this contribution mainly discussed blind/HARQ-less PDSCH repetition for URLLC. 
2. Blind/HARQ-less PDSCH repetition
[bookmark: OLE_LINK9]In the last meeting, blind/HARQ-less PDSCH repetition is agreed, and there are four identified variants. In this meeting, it is expected that the details to support blind/HARQ-less PDSCH repetition to be finalized. In following paragraphs, all of the four variants are analysed and a preference is proposed.


Variant 1: dynamic indication of the PDSCH repetition factor in DCI
In this method, a DCI signalling is introduced to indicate repetition number from a pre-defined value set, which is similar to current indication of repetition number in NB-IoT system. The DCI can dynamically indicate a suitable repetition number for different TBS value and varying channel condition. For NB-IoT, since the bandwidth is only 1 PRB, there is no flexibility in frequency domain. Therefore, it is benefit to introduce dynamic indication of repetition to provide a better link adaption.  However, for LTE URLLC 
However, to improve reliability of DL control channel, compact DCI design may be an optimization direction. Introducing additional DCI field for indication of repetition number may provide negative impact to reliability of DL control channel. Another alternative is redefined some field in existing DCI format, for example, reduce 1 bit in MCS table and use this 1 bit to indicate repetition level. However, repetition can be treated as another method to reduce code rate. In general, the range of effective code rate is not expected to be different from Variant 2 (via RRC). On the other hand, it doesn’t have good forward compatibility if design a compact DCI. 
Proposal #1: Dynamic indication of the PDSCH repetition factor in DCI is not supported. 
 
Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
In this method, a RRC signalling rather than a DCI signalling is introduced, which is similar to current TTI bundling mechanism for PUSCH in LTE and for PUSCH/PDSCH in NR. The benefit is to save the DCI signalling overhead. As analysed above, with dynamically change of MCS with full range, the flexibility can maintain as same level with indicate repetition in DCI. For example,  eNB can adjust MCS according to the fading channel. On the other hand, there is no much specification impact to support this method. The HARQ-ACK timing is counted from the last repetition of PDSCH, similar as eMTC/NB-IoT. 
Proposal #2: PDCSH repetition factor is indicated in RRC. HARQ-ACK timing is counted from the last repetition of PDCSH. 
Variant 3: independent PDSCH assignment for each PDSCH transmission
In this method, no additional signalling is introduced, which has not been used in current specification. However, UE behaviour needs to be clarified. For example, it is not an error case if UE decode more than one DCI for PDSCH in one search space or more than one DCI indicate the same HARQ process and same NDI. It is up to UE implementation to combine the two PDSCHs or not.   
Another UE behaviour to be clarified is related to handling of HARQ-ACK feedback. As illustrate in Figure 1, there are 3 independent PDSCH assignments for the same TB, and HARQ-ACK feedback for each PDSCH assignment follows legacy timing. If PDSCH #1 is not successfully decoded, NACK will be transmitted in PUCCH #1. But, before the transmission of PUCCH #1, other PDSCH assignment for the same TB, i.e., PDSCH #2, is received. Thus, the transmission of PUCCH #1 can be cancelled when there is a NACK. If the TB is successfully decoded after receiving PDSCH #2, ACK shall be transmitted in the corresponding PUCCH #2 regardless of receiving other PDSCH assignment for the same TB before the transmission of PUCCH #2. Since the TB has been successfully decoded, UE may not need to decode PDSCH #3. However, considering the latency requirement of 1ms or 10ms, the repetition of either PDCCH or PDSCH is expected to in the same or adjacent (s)TTI, UE may not able to know if the previous TB is decoded or not. Therefore, it is better to up to UE implemtation on how to provide HARQ-ACK report, i.e., if sending all or some as ACK or not. Other HARQ related mechanism shall maintain the same. 
Proposal #3: When more than one DCI is received for the same HARQ process with the same NDI before HARQ-ACK feedback, existing HARQ procedure is reused but it up to UE implemtation if all or some feedback is ACK if one of the PDSCH is successfully decoded. 


Figure 1 UE behaviour of HARQ-ACK feedback
Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
Similar as Variant 1, DCI is used to dynamically indicate a repetition number from a value set configured by RRC, which is similar to current indication of repetition number in eMTC system.  In eMTC system, the maximum repetition of PDSCH is quite large, i.e., up to 2048. Therefore, combination of semi-static and dynamic indication is intended to reduce the DCI overhead.  However, based on the evaluation result, the maximum repetition for LTE URLLC is not expected to be large, especially considering 1ms and 10ms latency requirement. Therefore, there is no need to introduce a combination method for K repetition indication. 
Proposal #4: Combination of semi-static and dynamic indication DCI is not supported.
.
3. Conclusion
In this paper, blind/HARQ-less PDSCH repetition was discussed for URLLC. Based on above analyze on all of the four variants, we have the following proposal: 
Proposal #1: Dynamic indication of the PDSCH repetition factor in DCI is not supported. 
Proposal #2: PDCSH repetition factor is indicated in RRC. HARQ-ACK timing is counted from the last repetition of PDCSH. 
Proposal #3: When more than one DCI is received for the same HARQ process with the same NDI before HARQ-ACK feedback, existing HARQ procedure is reused but it up to UE implemtation if all or some feedback is ACK if one of the PDSCH is successfully decoded. 
[bookmark: _GoBack]Proposal #4: Combination of semi-static and dynamic indication DCI is not supported.
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