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1. Background
In RAN1 #92bis, the following agreements and working assumption on blind/HARQ-less PDSCH repetition were made [1]:
[bookmark: OLE_LINK30]Agreement:
PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received
· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI
· FFS: Values for k
· FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window
Supporting repetition based PDSCH reception is a UE capability. 
· FFS: Details of capabilities and how they are signalled.
The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.
Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 
· FFS on DCI content
Working assumption:
For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.
[bookmark: OLE_LINK1]In this contribution, the remaining issues on PDSCH repetition for LTE URLLC are analyzed.  
2. Values for k
[bookmark: OLE_LINK68]URLLC with {1ms, 1e-5}
For URLLC target with {1ms, 1e-5}, PDSCH repetition shall not exceed 1ms boundary. As analyzed in [2], the maximum repetition number should be 3 to maintain the 1ms latency. Thus, the predefined set k of repetition number can be set as [1, 2, 3]. Meanwhile, the target can only be achieved by TTI length of subslot, i.e., only DCI format 7-1x(A to G) family need to be modified. 
Proposal 1: For URLLC target with {1ms, 1e-5}, the predefined set of repetition number k is [1, 2, 3]. 
Observation 1: For URLLC target with {1ms, 1e-5}, only DCI format 7-1x (A to G) family need to be modified.
URLLC with {10ms, 1e-4}
For URLLC target of {10ms, 1e-4}, theoretically, it could be achieved by subslot, slot or subframe TTI length. But using a shorter TTI length with a larger repetition number is less efficient than using a longer TTI length directly. Thus, we prefer to support the target of {10ms, 1e-4} only based on subframe TTI length. 
From the perspective of reliability, a less repetition number is sufficient for the reliability of 1e-4 than that for 1e-5. But, it may be also desirable to use a relative larger repetition number to enable the usage of a higher MCS. Given the latency boundary of 10ms and 1ms TTI length with n+3 timing, the repetition number should be no more than 8. Meanwhile, the repetition numbers in the defined set must be consecutive. Because it was agreed that PDCCH may or may not be transmitted with a PDSCH repetition and the number of PDSCH transmissions is associated with the PDCCH starting with the current TTI. Thus, a set as [1, 2, 3, 4, 5, 6, 7, 8] is reasonable. 
[bookmark: OLE_LINK9]Proposal 2: For URLLC target with {10ms, 1e-4}, only 1ms TTI length is used and the predefined set of repetition number k is [1, 2, 3, 4, 5, 6, 7, 8]. 
3. How to indicate k
It was agreed in RAN1 #92bis that there is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1.  Combined with section 2, the size of this field is 2 bits for DCI format 7-1x(A to G) family or 3 bits for 1ms TTI based DCI formats. A field to indicate k independently is preferred. It is a simple method with smallest impact on specification. 
On the other hand, a field to indicate k by reinterpret current field may be feasible. Such as using partial bits of HPN (HARQ process number) or MCS to indicate k in case of PDSCH repetition. This would keep DCI size of URLLC not increase, but additional restriction and more specification impact would also be introduced. 
Proposal 3: A field to indicate k independently is preferred in case Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration.
4. Other aspects for PDSCH repetition
3.1 [bookmark: OLE_LINK3]DMRS sharing
[bookmark: OLE_LINK47]DMRS overhead needs to be reduced if PDSCH repetition is based on subslot. In short TTI work item, it was already agreed that DL DMRS sharing among two subslots is supported and using 1-bit indication to indicate whether the DMRS is present or not. 
In case of PDSCH repetition, DMRS sharing can also be supported by 1-bit indication. But the issue here is, if it is indicated with no DMRS in DCI, then all PDSCH repetition would have no DMRS. This case should be avoided. One way is to define two DMRS patterns for PDSCH repetition. For example, one pattern is DMRS is present in all PDSCH repetitions, and another pattern is DMRS only exits in every two subslots.  
[bookmark: OLE_LINK56][bookmark: OLE_LINK78][bookmark: OLE_LINK48]Proposal 4: DMRS sharing should be supported in case Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration, and “1-bit DMRS position indicator” is reused to indicate whether DMRS sharing pattern is used or not. 
3.2 HARQ-ACK feedback
[bookmark: OLE_LINK45]Regarding to HARQ feedback for repeated PDSCH transmissions, one voice in the last meeting is not to feed back HARQ-ACK for PDSCH transmissions or make it configurable. From our point of view, the feedback is always helpful for the current or next transmission. Thus, our preference it to confirm the working assumption. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK59][bookmark: OLE_LINK38][bookmark: OLE_LINK51][bookmark: OLE_LINK62]Proposal 5: Confirm the working assumption that for HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.
3.3 RV cycling
RV can be indicated flexibly in case single TTI scheduling and IR combination can be supported. In case of PDSCH repetition, PDCCH may only be sent once and only one RV can be indicated. In order to support IR combination, RV cycling should be supported. The RV pattern can be [0,2,3,1], [0,3,0,3] or [0,0,0,0] which can be predefined or configured.
Proposal 6: In case of PDSCH repetition, RV cycling should be supported.
3.4 [bookmark: OLE_LINK7]Used/Unused SPDCCH resource indication
2-bit Used/Unused SPDCCH resource indication is used to support reusing SPDCCH resources dynamically. In case of PDSCH repetition, this scheme may be useless since the unused SPDCCH resources may be different among the subslots used for PDSCH repetition. And eNB may not predicate the control overhead exactly for the later subslots. Thus, this field is preferred not to be configured to save 2bits overhead in DCI in case of PDSCH repetition.
Proposal 7: In case of PDSCH repetition, it is preferred not to configure L1-based reuse indication.
3.5 [bookmark: _GoBack]DAI
Like eMTC, the field of DAI is preferred to be reserved in case of repetition. Since PDCCH may or may not be transmitted with a PDSCH repetition, whether the DAI is reserved or not can depend on PDSCH repetition. If Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration, the DAI is reserved.
Proposal 8: DAI is reserved when Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration.
5. Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For URLLC target with {1ms, 1e-5}, the predefined set of repetition number k is [1, 2, 3]. 
Observation 1: For URLLC target with {1ms, 1e-5}, only DCI format 7-1x (A to G) family need to be modified.
Proposal 2: For URLLC target with {10ms, 1e-4}, only 1ms TTI length is used and the predefined set of repetition number k is [1, 2, 3, 4, 5, 6, 7, 8]. 
Proposal 3: A field to indicate k independently is preferred in case Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration.
Proposal 4: DMRS sharing should be supported in case Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration, and “1-bit DMRS position indicator” is reused to indicate whether DMRS sharing pattern is used or not. 
Proposal 5: Confirm the working assumption that for HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.
Proposal 6: In case of PDSCH repetition, RV cycling should be supported.
Proposal 7: In case of PDSCH repetition, it is preferred not to configure L1-based reuse indication.
Proposal 8: DAI is reserved when Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration.
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