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1 Introduction

In this contribution, remaining details of DL SPS enhancements are discussed where the following agreements have been reached in previous meetings:

	RAN1#98bis:

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.

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), the number of PRBs for the PUCCH transmission is determined by reusing rel-15 mechanism in Subclause 9.2.3 (UE procedure for reporting HARQ-ACK) of 38.213. 

· The maximum code rate per PUCCH format is reused from the parameter associated with the identified HARQ-ACK codebook for SPS PDSCH

RAN1#98:

Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 

· FFS applicability to all PUCCH formats

· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.

· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 
Conclusion:

· There is no consensus to support joint activation in a DCI for two or more SPS configurations for a given BWP of a serving cell in rel-16. 

Conclusion:

There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 

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

RAN1#97:

Agreements:

· Regarding Q1 in the LS in R1-1905940:

· Although RAN1 has not completely analysed the potential impact of supporting up to 16 SPS configurations for a given BWP of a serving cell, RAN1 has the understanding that 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16

Agreements:

Regarding Q2 in LS from RAN2, the following is captured:

· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs

Conclusion:

· RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.

RAN1#96bis:

Agreements:

· Support separate activation for different DL SPS configurations for a given BWP of a serving cell.

· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations

· Support separate release for different DL SPS configurations for a given BWP of a serving cell.

· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 


Note that some aspects related to validation of DL SPS activation and release relevant to support of multiple DL SPS configurations in a cell are similar as for CG PUSCH and are described in our companion paper [1].
2 Support of activation/deactivation of multiple configurations

So far the agreements on support of multiple SPS configurations are aligned with design in CG PUSCH. There is no technical motivation to deviate from CG, thus it is proposed to finish the details of activation / deactivation of multiple SPS processes simply adopting similar decisions as being discussed for UL.
Proposal 1
· Design of activation and deactivation in case of multiple DL SPS processes follows the design for activation and deactivation of multiple Type 2 CG configurations, i.e.
· HARQ ID field is re-interpreted to activate/deactivate particular SPS process or a combination of SPS processes

3 HARQ feedback for multiple configurations
Introduction of multiple DL SPS processes in general can lead to scheduling of more than one HARQ-ACK bit in a slot for SPS. 

During RAN1 #98bis, design details for the determination of the PUCCH resources for carrying HARQ-ACK feedback in case the HARQ-ACK CB only includes HARQ-ACK from SPS PDSCHs were agreed. It was also agreed that the UE will be provided with the indication of the HARQ-ACK CB to be used as part of DL SPS configuration in case multiple HARQ-ACK CBs are configured to the UE for simultaneous construction. 

The remaining aspects include handling of link direction conflicts for the PUCCH resource determined for the HARQ-ACK feedback and details of the HARQ-ACK CB construction.
These are discussed next. 

3.1 Conflicts in link direction for PUCCH resources

In Rel-15, in case of a link direction conflict for any of the symbols corresponding to a PUCCH resource used to carry HARQ-ACK feedback for SPS PDSCH, the PUCCH transmission is dropped. For Rel-16, it has been suggested that this behavior needs to be enhanced to avoid dropping of HARQ-ACK in consideration of support of shorter periodicities for DL SPS compared to Rel-15, e.g., by postponing the transmission of the HARQ-ACK feedback, etc.

However, given that the main motivation for DL SPS with shorter periodicities is to address periodic traffic requirements and satisfy tight latency requirements, the overall benefits would be reduced if the corresponding HARQ-ACK feedback is delayed. In other words, a frequent configuration of DL SPS occasions requires for corresponding HARQ-ACK opportunities without them being delayed, except for use cases wherein the HARQ-ACK feedback may be of limited relevance due to extremely tight delay budgets for the air interface. For such cases, dropping of HARQ-ACK would not incur any significant performance impact.

Therefore, in our view, the Rel-15 behavior should still apply for the handling of PUCCHs with HARQ-ACK for DL SPS when at least one of the symbols have a link direction conflict.

Proposal 2
· For handling link direction conflicts for PUCCH carrying HARQ-ACK for SPS PDSCH Rel-15 behavior is used.

· PUCCH is dropped if any symbol overlaps with semi-statically configured (via TDD-DL-UL configuration) or dynamically indicated DL symbols.
3.2 HARQ-ACK CB construction

In general, the HARQ-ACK CB construction can follow Rel-15 approach for both semi-static and dynamic HARQ-ACK CBs. 

There are two situations that need to be considered:

· Multiple DL SPS occasions are TDM-ed in a slot:
· At most N HARQ-ACK bits corresponding to N DL SPS configurations need to be provisioned in both Type I and II codebook constructions, when mapped to the same slot. If sub-slot codebook construction is available, sub-sets of these bits may be mapped to different PUCCH occasions.
· Index of DL SPS configuration can be used to understand the order the HARQ-ACK bits.
· Multiple DL SPS occasion overlap in a slot:
· This case is identical to the first one, with the difference in how DL SPS configurations subject to multiplexing in the same PUCCH are identified. 
· For the case wherein two overlapping SPS PDSCHs correspond to the same HARQ-ACK CB, this can be addressed by relying on the corresponding DL SPS indices for a given DL serving cell for dynamic HARQ-ACK CB, and possibly also for semi-static HARQ-ACK CB (if sufficiently motivated due to increased CB size based on semi-static configuration of DL SPS configurations). 

· For the case wherein two overlapping SPS PDSCHs correspond to different HARQ-ACK CBs, there is no issue as the feedback would map to different PUCCH resources for which the collision resolution mechanism has already been agreed. 

· The number of supported overlapped SPS configuration may need to be restricted as part of UE capability framework. As a baseline behavior, the UE 
Thus, following Rel-15 design, for Types I and II HARQ-ACK CBs, the following are proposed:
· For Type 1 HARQ-ACK CB, 

· HARQ-ACK bits for SPS PDSCH are ordered based on TDRA table row index as indicated in the activation DCI

· HARQ-ACK bit location for separate release is based on TDRA table row index as indicated in the activation DCI for the corresponding DL SPS configuration

· HARQ-ACK bit location for joint release is based on TDRA table row index as indicated in the activation DCI for the lowest DL SPS configuration

· For Type II HARQ-ACK CB, 

· HARQ-ACK bits for SPS PDSCH are ordered after those for dynamically scheduled PDSCH and is ordered based on DL SPS configuration index per active serving cell

· HARQ-ACK bit location in the release DCI is based on DAI in the release DCI

· While the DL SPS configuration index can be used for release DCI, this would not be possible for joint release DCI, and accordingly, to unify the behavior, irrespective of whether or not the DCI indicates separate or joint release, the DAI in the DCI can be used to determine the location of the corresponding HARQ-ACK bit in the Type II HARQ-ACK CB

· While not strictly necessary, a similar approach (instead of using DL SPS configuration index) of using the DAI in the DCI may be used to activation DCI
Proposal 3
· To support HARQ-ACK feedbacks for multiple activated SPS processes, HARQ-ACK CB construction is as follows:

· For Type 1 HARQ-ACK CB, 
· HARQ-ACK bits for SPS PDSCH are ordered based on TDRA table row index as indicated in the activation DCI
· HARQ-ACK bit location for separate release is based on TDRA table row index as indicated in the activation DCI for the corresponding DL SPS configuration

· HARQ-ACK bit location for joint release is based on TDRA table row index as indicated in the activation DCI for the lowest DL SPS configuration.
· For Type II HARQ-ACK CB,

· HARQ-ACK bits for SPS PDSCH are ordered after those for dynamically scheduled PDSCH and is ordered based on DL SPS configuration index per active serving cell

· HARQ-ACK bit location in the release DCI is based on DAI in the release DCI.
4 Conclusions
In this contribution, we discussed the remaining details related to support of DL SPS enhancements for IIoT. Based on the discussion, we draw the following proposals:
Proposal 1
· Design of activation and deactivation in case of multiple DL SPS processes follows the design for activation and deactivation of multiple Type 2 CG configurations, i.e.

· HARQ ID field is re-interpreted to activate/deactivate particular SPS process or a combination of SPS processes

Proposal 2
· For handling link direction conflicts for PUCCH carrying HARQ-ACK for SPS PDSCH Rel-15 behavior is used.

· PUCCH is dropped if any symbol overlaps with semi-statically configured (via TDD-DL-UL configuration) or dynamically indicated DL symbols.

Proposal 3
· To support HARQ-ACK feedbacks for multiple activated SPS processes, HARQ-ACK CB construction is as follows:

· For Type 1 HARQ-ACK CB, 
· HARQ-ACK bits for SPS PDSCH are ordered based on TDRA table row index as indicated in the activation DCI
· HARQ-ACK bit location for separate release is based on TDRA table row index as indicated in the activation DCI for the corresponding DL SPS configuration

· HARQ-ACK bit location for joint release is based on TDRA table row index as indicated in the activation DCI for the lowest DL SPS configuration.

· For Type II HARQ-ACK CB,

· HARQ-ACK bits for SPS PDSCH are ordered after those for dynamically scheduled PDSCH and is ordered based on DL SPS configuration index per active serving cell

· HARQ-ACK bit location in the release DCI is based on DAI in the release DCI.
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