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1. Introduction
In the previous RAN1 meetings, the following agreements for DL SPS HARQ timing have been made:

RAN1 201801 AdHoc:
Agreements:
· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.
· FFS: how to handle the case when the semi-static configuration conflicts at slot n+k
· FFS: how to handle the case with dynamic SFI
· The contradicting semi-static configuration is defined as when there is at least one semi-statically configured DL symbol overlaps with the symbol(s) carrying HARQ-ACK in slot n+k
In this contribution, we will further discuss the downlink SPS HARQ timing, especially when there is a conflict on the indicated slot/symbol format between the semi-static configuration/dynamic SFI and DL SPS activation DCI. 
2. Discussion on DL SPS HARQ timing
In order to save L1 control resource overhead for some periodic and predictable traffic (i.e., VoLTE), LTE enables semi-persistent scheduling (SPS) scheme. In NR, the DL SPS HARQ-ACK timing can be configured by RRC signaling with a value set and activated by the activation DCI with PDSCH-to-HARQ-timing-indicator field. The PUCCH resource for DL SPS ACK/NACK can be determined in the same way, with RRC configuring a set of PUCCH resources by n1PUCCH-AN and using TPC command for scheduled PUCCH field in DCI to active a PUCCH resource. Therefore, once the SPS HARQ-ACK resource is activated, it would be assigned to the UE periodically.
In NR system, in order to achieve scheduling flexibility, semi-static UL/DL configuration and dynamic SFI which are both used to indicate the slot/symbol format are supported. Therefore, the direction of the slot/symbol will be decided by semi-static DL/UL configuration, dynamic SFI, UE specific data (UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH) and measurement related signals. To guarantee resource utilization efficiency and scheduling flexibility, some conflictions across the above assignments are inevitable. According to the agreements which are reached in RAN1 #90bis meeting, the semi-static DL/UL configuration and dynamic SFI will take precedence on some measurement related signals and semi-static data transmission. Therefore, considering that the SPS HARQ-ACK resource is assigned to the UE in a semi-static manner, when UL direction implied by DL SPS HARQ-ACK is conflict with the DL direction implied by semi-static DL/UL configuration or DL/unknown indicated by dynamic SFI, the UL direction implied by DL SPS HARQ-ACK is with lower priority.
Proposal 1: When UL direction implied by DL SPS HARQ-ACK is conflict with the DL direction implied by semi-static DL/UL configuration or DL/unknown indicated by dynamic SFI, the UL direction implied by DL SPS HARQ-ACK is with lower priority.
However, when there is confliction on the DL/UL direction implied by DL SPS HARQ-ACK and semi-static DL/UL configuration as well as dynamic SFI, simply dropping the HARQ-ACK is not efficient for system efficiency and would cause additional re-transmissions. Therefore, some enhancements are needed for DL SPS HARQ-ACK feedback, i.e. the HARQ-ACK can be postponed to slots/symbols that are valid for uplink PUCCH transmission.
[bookmark: _Hlk505872414]Specifically, it is recommended to configure multiple HARQ-ACK resources for a DL SPS transmission by RRC signalling. The HARQ-ACK resource configuration includes both time resource configuration and the corresponding frequency resource configuration. Once UE receives a downlink SPS data packet, the UE will check whether any of the activated HARQ-ACK resources are valid for uplink PUCCH transmissions in  order. If any one of HARQ-ACK resources not earlier than n+k is not indicated as DL by semi-static DL/UL configuration or as DL/unknown by dynamic SFI, the HARQ-ACK resource is regarded as valid HARQ-ACK resource for PUCCH transmissions. UE should use the first valid HARQ-ACK resource for DL SPS ACK/NACK transmission. If all the configured HARQ-ACK resource are not valid for HARQ-ACK transmission, the UE should abandon the DL SPS HARQ-ACK feedback. Furthermore, for RRC signalling overhead reduction purpose, the time resource set could be configured by a window value K, i.e. time resources from n+k to n+k+K are all candidate HARQ-ACK time resource. K could be set as {0,1, …,infinite}, the detailed value set of K could be FFS. Smaller K value means abandoning the DL SPS HARQ-ACK feedback and retransmitting PDSCH earlier for lower latency. Larger K value means trying best to feedback DL SPS HARQ-ACK to avoid unnecessary PDSCH retransmission.  
In addition, in order to decrease the frequency resource collision probability, different frequency resources corresponding to different HARQ-ACK time resource can be configured. For RRC signalling overhead reduction purpose, a periodicity T for frequency resource can be configured, and frequency resource assignment is repeated every T time resources. For example, if HARQ-ACK time resource set configured as n+k, n+k+1, n+k+2, n+k+3}, T=2 means the frequency resource corresponding to n+k+2 is the same as n+k.
Proposal 2: Configure multiple HARQ-ACK resources for a DL SPS transmission by RRC signalling, and UE use the first valid HARQ-ACK resource for DL SPS ACK/NACK transmission, where the valid HARQ-ACK resource means the HARQ-ACK resource is not earlier than n+k and not indicated as “DL” by semi-static DL/UL configuration or as DL/unknown by dynamic SFI.
Proposal 3: The PUCCH frequency resource assignment for DL SPS ACK/NACK can be configured in a periodic manner.
Based on the above discussions, for the DL SPS HARQ-ACK reporting [9.2.3 TS 38.213] can be modified as in the Appendix A.

3. Discussion on HARQ timing of multi-slot scheduling
Based on the reading of the text in TS 38.214 (v15.0.0), section 5.1.2.1, 
“When the UE is configured with aggregationFactorDL > 1, the UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer. If the UE procedure for determining slot configuration as defined in Subclause 11.1 of [6, TS 38.213] determines symbol of a slot allocated for PDSCH as uplink symbols, the transmission on that slot is omitted for multi-slot PDSCH transmission”. 
It indicates that if an UE is scheduled with multi-slot transmission, and a transmission within the multi-slot transmission is override by RRC configured SFI, the override transmission shall be directly dropped. Combining with the text in TS 38.214 (v15.0.2), section 5.1.2.1,
 “With reference to slots for PUCCH transmissions or PUSCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or a SPS PDSCH release over a number of symbols where the last symbol is within slot n , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission or PUSCH transmission within slot n+k, where k is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format”.
It seems like the HARQ-ACK information of scheduled multi-slot transmission shall be provided k-slot later after the last transmission. Then if so, a potential ambiguity is, when the last one or last several transmissions are override by RRC configured SFI, then the UE shall provide the HARQ-ACK information k-slot later after the scheduled last transmission or actually-transmitted last transmission? We suggest to make the clarification of UE behavior and HARQ-ACK feedback more clear under this case via adding some explicit descriptions.
The proposed corrections are given in Appendix B.
4. Conclusions 
In this contribution, downlink SPS HARQ timing is discussed, and the following proposals are made:
Proposal 1: When UL direction implied by DL SPS HARQ-ACK is conflict with the DL direction implied by semi-static DL/UL configuration or DL/unknown indicated by dynamic SFI, the UL direction implied by DL SPS HARQ-ACK is with lower priority.
Proposal 2: Configure multiple HARQ-ACK resources for a DL SPS transmission by RRC signalling, and UE use the first valid HARQ-ACK resource for DL SPS ACK/NACK transmission, where the valid HARQ-ACK resource means the HARQ-ACK resource is not earlier than n+k and not indicated as “DL” by semi-static DL/UL configuration or as DL/unknown by dynamic SFI.
Proposal 3: The PUCCH frequency resource assignment for DL SPS ACK/NACK can be configured in a periodic manner.
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Appendix A
<Start of text proposal>
9.2.3	UE procedure for reporting HARQ-ACK
If a UE receives a PDSCH without a corresponding PDCCH, a PUCCH resource for corresponding HARQ-ACK transmission is provided by higher layer parameter n1PUCCH-AN. The UE uses the first valid PUCCH resource which is not indicated as “DL” by semi-static DL/UL configuration or as “DL/unknown” by dynamic SFI for HARQ-ACK transmission.
<End of text proposal>
[bookmark: _GoBack]Appendix B
<Start of text proposal>
[5.1.2.1 TS 38.214]	
If the UE procedure for determining slot configuration as defined in Subclause 11.1 of [6, TS 38.213] determines symbol of a slot allocated for PDSCH as uplink symbols, the transmission on that slot is omitted for multi-slot PDSCH transmission and no postpone for the omitted transmission is allowed.
<End of text proposal>
<Start of text proposal>
[9.2.3 TS 38.213]
With reference to slots for PUCCH transmissions or PUSCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or a SPS PDSCH release over a number of symbols where the last symbol is scheduled within slot n , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission or PUSCH transmission within slot n+k, where k is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format.
<End of text proposal>

