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1. Introduction

In RAN1#98bis, the following agreements were made [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.

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


In this contribution, we discuss remaining details on DL SPS enhancements particularly on multiple active SPS configurations from RAN1 point of view. 
2. Multiple simultaneous active DL SPS configurations
In order to support diverse TSN applications simultaneously, it was agreed that multiple simultaneous active DL SPS configurations for a given BWP of a UE are supported similar to UL configured grant, which can be beneficial for reducing latency and/or supporting multiple different service/traffic types. How to identify each SPS configuration would need to be addressed, and some field can be used for identification of each SPS configuration. 

One consideration point is how to handle resource conflicts between different DL SPS configurations. Such conflicts normally can be avoided by gNB configuration. Due to introduction of short periodicity, if resource conflicts might not be necessarily avoidable, DL SPS configuration associated with higher priority service/traffic type or with shorter K1 (PDSCH to HARQ-ACK timing) can be prioritized. 
Proposal 1: In case of resource conflicts between different DL SPS configurations, further discussion on the necessity of prioritization is needed. 

For a rel-16 UE provided by SPS-PUCCH-AN-List a set of PUCCH resources, regarding collision between HARQ-ACK for SPS PDSCH and SR, the same handling should be strived as in case of collision between HARQ-ACK for dynamic scheduled PDSCH and SR.  
Proposal 2: For a rel-16 UE provided by SPS-PUCCH-AN-List a set of PUCCH resources, for collision between HARQ-ACK for SPS PDSCH and SR, the same handling is applied for collision handling between HARQ-ACK for dynamic scheduled PDSCH and SR.
HARQ-ACK codebook construction needs to be also discussed further. For type-1 codebook and in case HARQ-ACK for SPS PDSCHs is multiplexed with HARQ-ACK for dynamic scheduled PDSCH, most of HARQ-ACK bit location can be determined by reusing the rel-15 mechanism. Specifically, the HARQ-ACK bit location is determined based on the row index of TDRA table used for SPS PDSCH. If separate release DCI is used, the corresponding HARQ-ACK bit location is also determined based on the row index of TDRA table for SPS PDSCH of that released configuration. On the other hand, if joint release DCI is used, several options can be considered. One simple option would be to transmit all HARQ-ACK bits corresponding to multiple SPS configurations to be released, which however would result in unnecessary HARQ-ACK overhead. Thus, it can be considered that the HARQ-ACK bit location of joint release DCI can be determined based on the indicated row index of TDRA table by the joint release DCI. Alternatively, it can be determined based on the row index of TDRA table indicated in activation DCI for SPS PDSCH of one configuration (e.g., SPS configuration with the lowest index) among released configurations. In case only HARQ-ACK for SPS PDSCHs shall be transmitted (i.e. no dynamic PDSCH HARQ-ACK), HARQ-ACK bit location can be determined 
· Option 1: In ascending order of SPS configuration index, and then in descending order of K1, and then in ascending order of serving cell index 

· Option 2: In ascending order of row index of TDRA table, and then in descending order of K1, and then in ascending order of serving cell index
For type-2 codebook and in case HARQ-ACK for SPS PDSCHs is multiplexed with HARQ-ACK for dynamic scheduled PDSCH, most of HARQ-ACK bit location can be determined by reusing the rel-15 mechanism. For SPS PDSCH, the HARQ-ACK bit location is determined by concatenating after the HARQ-ACK bits corresponding to dynamic PDSCHs. If separate release DCI is used, the corresponding HARQ-ACK bit location is determined by DAI in the release DCI. On the other hand, if joint release DCI is used, several options can be considered. Similarly, all HARQ-ACK bits corresponding to multiple SPS configurations to be released can be transmitted at the expense of redundant HARQ-ACK overhead. It can be considered that the HARQ-ACK bit location is determined by DAI in the joint release DCI or is determined by concatenating at the end. Alternatively, it can be determined based on DAI in the activation DCI for SPS PDSCH of one configuration (e.g., SPS configuration with the lowest index) among released configurations. In case only HARQ-ACK for SPS PDSCHs shall be transmitted (i.e. no dynamic PDSCH HARQ-ACK), HARQ-ACK bit location can be determined in ascending order of DAI, and then in descending order of K1, and then in ascending order of serving cell index. 
For cases where DL SCS is greater than UL SCS, multiple HARQ-ACK bits for a SPS configuration can be transmitted by a PUCCH if multiple SPS PDSCH transmissions exist in a UL slot due to short periodicity of the SPS configuration. In this case, the rel-15 codebook construction mechanism can be reused (e.g., pruning per DL slot in ascending order for DL slots corresponding to a UL slot). 

Proposal 3: For cases where HARQ-ACK feedback for SPS PDSCHs is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, and for type-1 HARQ-ACK codebook construction
· HARQ-ACK bit location for SPS PDSCHs is derived by reusing rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI for the SPS PDSCH)   

· HARQ-ACK bit location for SPS 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 for the SPS PDSCH)  

· HARQ-ACK bit location for SPS 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

Proposal 4: For cases where HARQ-ACK feedback for SPS PDSCHs is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, and for type-2 HARQ-ACK codebook construction

· HARQ-ACK bit location for SPS PDSCHs is derived by reusing rel-15 mechanism (i.e., appending the bits after HARQ-ACK bits for dynamic scheduled PDSCHs)   

· FFS the exact bit order of HARQ-ACK bits for SPS PDSCH

· HARQ-ACK bit location for SPS release by a separate/joint release DCI is derived by reusing rel-15 mechanism (i.e., based on DAI in the release DCI)
Proposal 5: For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), and for type-1 HARQ-ACK codebook construction
· HARQ-ACK bit location for SPS PDSCHs is determined by either option 1 or 2:
· Option 1: In ascending order of SPS configuration index, and then in descending order of K1, and then in ascending order of serving cell index 

· Option 2: In ascending order of row index of TDRA table, and then in descending order of K1, and then in ascending order of serving cell index

Proposal 6: For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), and for type-2 HARQ-ACK codebook construction
· HARQ-ACK bit location for SPS PDSCHs is determined in ascending order of DAI, and then in descending order of K1, and then in ascending order of serving cell index
There are multiple cases of collision between HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI (determined by HARQ-ACK timing in the activation DCI) and non-UL symbol:

1. Collision with DL symbols given by semi-static TDD configuration
2. Collision with flexible symbols given by semi-static TDD configuration 

A. And the UE is not configured to monitor SFI

B. And the UE is configured to monitor SFI but there is no slot format for the slot carrying the PUCCH

C. And the UE is configured to monitor SFI and slot format indicates a set of symbols of the PUCCH as DL 

D. And the UE is configured to monitor SFI and slot format indicates a set of symbols of the PUCCH as flexible

For case 1, some enhancements have been discussed, however, given the time for this WI, it would be preferable to reuse 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 case 2-A, the PUCCH can be transmitted so there is no issue to be handled.

For case 2-B, considering that SFI missing over multiple times may happen very rarely, we do not see a significant need for enhancement. Moreover, gNB cannot predict SFI missing from UE side so any enhancement for this case may induce the burden of gNB blind decoding. 
For case 2-C and 2-D, gNB intends to use a set of symbols as DL/flexible with dynamic signalling so we do not see a significant need for enhancement. 

Proposal 7: If the HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI (determined by HARQ-ACK timing in the activation DCI) collides with DL symbols given by semi-static TDD configuration, rel-15 rule is reused (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)
It is also necessary to define applicable DCI format for activation and release of DL SPS in rel-16. For less specification efforts, our preference is to follow the same applicable DCI formats as CG. 
Proposal 8: 

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

Support DCI format 1-0 for Rel.16 SPS release

· As a working assumption, also DCI format 1-1 and DCI format 1_2
According to the agreement that the joint release mechanism for type-2 CG is reused for rel-16 SPS, the following proposal is suggested on which configuration is to be activated and which configuration(s) is/are to be released for rel-16 SPS. 
Proposal 9: HPN field in DCI format 1-0/1-1/1-2 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.

3. Conclusions

In this contribution, we discussed several aspects on DL SPS enhancements for supporting industrial IoT. Based on the above discussion, our proposals are given as follows:
Proposal 1: In case of resource conflicts between different DL SPS configurations, further discussion on the necessity of prioritization is needed. 

Proposal 2: For a rel-16 UE provided by SPS-PUCCH-AN-List a set of PUCCH resources, for collision between HARQ-ACK for SPS PDSCH and SR, the same handling is applied for collision handling between HARQ-ACK for dynamic scheduled PDSCH and SR.
Proposal 3: For cases where HARQ-ACK feedback for SPS PDSCHs is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, and for type-1 HARQ-ACK codebook construction
· HARQ-ACK bit location for SPS PDSCHs is derived by reusing rel-15 mechanism (i.e., based on the TDRA table row index indicated in the activation DCI for the SPS PDSCH)   

· HARQ-ACK bit location for SPS 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 for the SPS PDSCH)  

· HARQ-ACK bit location for SPS 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

Proposal 4: For cases where HARQ-ACK feedback for SPS PDSCHs is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, and for type-2 HARQ-ACK codebook construction

· HARQ-ACK bit location for SPS PDSCHs is derived by reusing rel-15 mechanism (i.e., appending the bits after HARQ-ACK bits for dynamic scheduled PDSCHs)   

· FFS the exact bit order of HARQ-ACK bits for SPS PDSCH

· HARQ-ACK bit location for SPS release by a separate/joint release DCI is derived by reusing rel-15 mechanism (i.e., based on DAI in the release DCI)

Proposal 5: For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), and for type-1 HARQ-ACK codebook construction
· HARQ-ACK bit location for SPS PDSCHs is determined by either option 1 or 2:
· Option 1: In ascending order of SPS configuration index, and then in descending order of K1, and then in ascending order of serving cell index 

· Option 2: In ascending order of row index of TDRA table, and then in descending order of K1, and then in ascending order of serving cell index

Proposal 6: For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), and for type-2 HARQ-ACK codebook construction
· HARQ-ACK bit location for SPS PDSCHs is determined in ascending order of DAI, and then in descending order of K1, and then in ascending order of serving cell index
Proposal 7: If the HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI (determined by HARQ-ACK timing in the activation DCI) collides with DL symbols given by semi-static TDD configuration, rel-15 rule is reused (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)

Proposal 8: 

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

Support DCI format 1-0 for Rel.16 SPS release

· As a working assumption, also DCI format 1-1 and DCI format 1_2
Proposal 9: HPN field in DCI format 1-0/1-1/1-2 with CRC scrambled by CS-RNTI is used to indicate which configuration is to be activated and which configuration(s) is/are to be released.
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