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1. Introduction
In RAN1 98bis meeting, several agreements on DL SPS in RAN1 were achieved [1]:

Agreements:

Confirm the following working assumption:

	Working assumption:

Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

· Reusing the joint release mechanism as that defined for UL type 2 CG


Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH formats 2/3/4 are applicable in addition to PUCCH formats 0/1. 
Agreements:

For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, the PUCCH resource to be used is determined by reusing rel-15 mechanism. 
Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), RAN1 down-selects the following options:

· Option 1: Multiple PUCCH resources are configured common for all SPS configurations (similar to multi-CSI-PUCCH-ResourceList) per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· FFS: Number of maximum PUCCH resources
· FFS details (threshold for determining PUCCH resource)
· Option 2: Multiple PUCCH resource sets are configured common for all SPS configurations per HARQ-ACK codebook. The PUCCH resource set to be used is determined based on HARQ-ACK payload size. 

· FFS whether or not to configure PUCCH resource sets separately from PUCCH resource set for dynamic-scheduled PDSCH
· FFS whether to configure separate payload range
· The actual PUCCH resource to be used among PUCCH resources in the chosen PUCCH resource set is determined by reusing rel-15 HARQ-ACK PUCCH resource determination mechanism for dynamic PDSCH based on the latest activation DCI
Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), 

· Multiple PUCCH resources are configured common for all SPS configurations per HARQ-ACK codebook. The actual PUCCH resource to be used among PUCCH resources is determined based on HARQ-ACK payload size
· Number of PUCCH resources is up to 4
· FFS details (e.g., threshold for determining PUCCH resource)
Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs without associated DL assignment shall be reported (i.e. no dynamic PDSCH HARQ-ACK), PUCCH resource i is selected if HARQ-ACK payload size (not including CRC) is in the range of {Ni,min, …, Ni,max} bits, where the number of PUCCH resources in the selection is from 0 up to 3. 

· N0,min=1, N0,max=2

· For i≠0
· Ni,max is configured by RRC; if not configured, Ni,max is 1706.

· Ni,min is equal to Ni-1,max+1 

Note: The above mechanism is equivalent to rel-15 procedure when a single PUCCH resource is configured per PUCCH resource set.

DL SPS will be further discussed in this document.
2. 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.
The mapping rule for multiple HARQ-ACK bits for multiple SPS PDSCHs in one HARQ-ACK codebook is still open issue. There are several solutions:

Option1: HARQ-ACK mapping order is based on SPS PDSCH order in time domain for all SPS PDSCH configuration.

Option2: HARQ-ACK mapping order is based on SPS configuration index firstly and then based on SPS PDSCH order in time domain for one SPS configuration.
Option3: For shorter periodicity SPS, multiple PDSCH resources may correspond to one HARQ process ID. However, if one PDSCH is scheduled with a given HARQ process ID, another PDSCH with the same HARQ process ID cannot be scheduled before the transmission of HARQ-ACK feedback for the first PDSCH.  So to reduce the UCI overhead, HARQ-ACK mapping order can be determined based on the HARQ processes associated with the multiple SPS PDSCH resources which are mapped to the same PUCCH.
Considering limited time, either option 1 or option 2 is preferred. However, considering system efficiency, option 3 can be further studied in later release.
Proposal 2: Either option 1 or option 2 is preferred in Rel-16 due to limited time.

3. Conclusions
DL SPS enhancement are analyzed and followings are proposed:
Proposal 1: Option 2 is good tradeoff between system efficiency and complexity.

Proposal 2: Either option 1 or option 2 is preferred in Rel-16 due to limited time.
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