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Introduction
In RAN1 99 meeting, several agreements on DL SPS in RAN1 were achieved [1]:
Agreement:
In Rel-16, multiple DL SPS configurations can be configured on different serving cells in a cell group.

Agreement:
Support DCI format 1-0, 1-1 and 1_2 for Rel-16 SPS activation and for Rel-16 SPS release.

Agreements:
HPN field in the applicable DL DCI formats with CRC scrambled by CS-RNTI and NDI=0 is used to indicate which SPS configuration is to be activated and which SPS configuration(s) is/are to be released
· M LSB HPN bits is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
· M is determined by the bit length for HPN field for each DCI format for activation and release of SPS configuration(s)
Agreement:
For both type-1 and type-2 HARQ-ACK codebook construction, one HARQ-ACK bit is generated for SPS PDSCH release with a joint release DCI

Agreements:
If the UE is configured with more than one SPS PDSCH configurations, and for type-1 HARQ-ACK codebook construction, 
· For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, or
· For cases where HARQ-ACK feedback for SPS PDSCH release is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, or
· For cases where only HARQ-ACK feedback for SPS PDSCH release shall be reported, 
· HARQ-ACK bit location for SPS PDSCH reception is derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index and K1 indicated in the activation DCI)   
· HARQ-ACK bit location for SPS PDSCH release with a separate release DCI is derived by reusing Rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI and K1 indicated in the release DCI)  
· HARQ-ACK bit location for SPS PDSCH release with a joint release DCI is derived based on the TDRA table row index indicated in the activation DCI for SPS PDSCH with the lowest SPS configuration index among the jointly released configurations and K1 indicated in the release DCI
Note: There is no change on the number of HARQ-ACK bits for a PUCCH transmission regardless whether a joint release DCI is present or not.

In Rel-16, when the SPS configurations are released by a joint release DCI, 
· Multiple SPS configurations to be released by the joint release DCI should have the same priority
Agreement
For a rel-16 UE provided by SPS-PUCCH-AN-List a set of PUCCH resources, in case of collision between HARQ-ACK for SPS PDSCH without a corresponding PDCCH and SR for the same priority, reuse Rel-15 rule for collision between HARQ-ACK for dynamic scheduled PDSCH and SR in order to determine the PUCCH resource 

Agreement
For a given SPS configuration activated by DCI format 1_2, the MCS table is determined by reusing Rel-15 mechanism for a SPS configuration activated by DCI format 1_1. 
· No new RRC parameter for mcs-Table is introduced for DCI format 1_2
Agreement
If the UE is configured with more than one SPS PDSCH configurations, for cases where only HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH shall be reported (i.e. no HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release
· HARQ-ACK bit order for SPS PDSCH reception without a corresponding PDCCH is determined 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index
Agreement
If the UE is configured with more than one SPS PDSCH configurations, and for type-2 HARQ-ACK codebook construction, 
· HARQ-ACK bit order for SPS PDSCH release with a separate/joint release DCI is derived by reusing rel-15 mechanism (i.e., based on DAI and K1 indicated in the release DCI)  
· HARQ-ACK bit order for SPS PDSCH with associated PDCCH is derived by reusing rel-15 mechanism (i.e., based on DAI and K1 indicated in the activation DCI)
· For cases where HARQ-ACK feedback for one or more SPS PDSCH receptions without a corresponding PDCCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH and/or for SPS PDSCH release, 
· HARQ-ACK for one or more SPS PDSCH receptions without a corresponding PDCCH is appended after HARQ-ACK bits for dynamic scheduled PDSCHs and/or for SPS PDSCH release 
· In ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index
Note: The above mechanism is equivalent to rel-15 procedure when a single PUCCH resource is configured per PUCCH resource set.

PUCCH resource and HARQ-ACK codebook for DL SPS were discussed, however interaction with SFI is still open. This document discuss the remaining issue.
HARQ-ACK feedback for DL SPS
For shorter periodicity SPS, SPS resource and HARQ-ACK resource may be multiple-to-one mapping. To solve this issue, multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook and one of PUCCH resources is selected by HARQ-ACK payload. However, PDSCH-to-HARQ-ACK timing configuration is an open issue. There are several solutions to be discussed:
· Option 1: Deferring HARQ-ACK until the first available valid UL slot
· Option 2: Deferring HARQ-ACK until the first available valid PUCCH resource
· Option 3: Indicating K1 value for each SPS transmission in a time window configured by RRC.
· Option 4: Reusing rel-15 rule (i.e., if the PUCCH resource determined by HARQ-ACK timing in the activation DCI collides with DL symbols given by semi-static TDD configuration, the PUCCH transmission is cancelled)
For option 4, HARQ-ACK dropping leads redundant SPS retransmission. In case of shorter periodicity SPS, the number of redundant SPS retransmission is significant. So, option 4 should not be supported.
For option 1-3, HARQ-ACK dropping can be avoided and it improves downlink system efficiency significantly, especially for IIoT scenario, in which SPS transmission is more applicable for periodical and short packet transmission. 
· For option1, the first available means that the gap between valid UL slot and SPS PDSCH is not smaller than T1. However, the definition of valid UL slot is not clear. In term of SFI configuration, valid UL slot is semi-static UL slot only or both semi-static UL slot and UL slot indicated by dynamic SFI. Semi-static UL slot is preferred due to it is reliable and simple. In term of resource configuration, valid UL slot is the slot in which all symbols are uplink or the slot in which uplink part is enough for PUCCH transmission. The slot in which uplink part is enough for PUCCH transmission is preferred due to more PUCCH transmission occasion is benefit for low latency.
· For option 2, the first available is the same meaning as option1. PUCCH resource can be guaranteed to be valid by reasonable configuration. For option 2, slot index for PUCCH resource is configured by high layer parameter and typically, semi-static uplink slot or the slot with semi-static uplink part can be used for PUCCH resource. For example, in TDD, slot 4 and slot 9 is semi-static UL slot and then slot index for PUCCH resource is configured as 4 and 9. Comparing with option 1, option 2 restricts PUCCH resource in limited uplink slots and improves uplink control transmission efficiency.
· For option 3, it is open issue to determine time window. One solution is that time window is determined by lowest common multiple of SPS periodicity and SFI window range.

Option 2 is preferred due to it is simpler and most efficient for uplink control transmission.
Proposal 1: Option 2 is good tradeoff between system efficiency and complexity.
Conclusions
DL SPS enhancement are analyzed and followings are proposed:
Proposal 1: Option 2 is good tradeoff between system efficiency and complexity.
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