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1. Introduction

In RAN1#98, the following agreement and conclusion were made [1]:
	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 

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


In this contribution, we discuss several discussion points regarding 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. 

Regarding the support of joint release for two or more SPS configurations for a given BWP of a serving cell, the working assumption to support was made. Considering the agreement on how to indicate joint release for two or more CG configurations for a given BWP of a serving cell, it can be used straightforwardly regardless of whether the number of maximum active SPS configurations is 8 or 16. 

Proposal 2: The working assumption on joint release for two or more SPS configurations is confirmed. 
When multiple SPS configurations are considered, several issues related to HARQ-ACK should be resolved.  

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), one FFS is PUCCH format to be applicable. We think there is no significant issue to exclude any PUCCH format, so we propose that all PUCCH formats are applicable. 
Another thing is how to determine actual PUCCH resource for cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported. One simple way is to reuse the mechanism of PUCCH resource determination for HARQ-ACK corresponding to dynamic PDSCHs. To support multiple active SPS configurations, now multiple PUCCH resources need to be configured for accommodating various range of HARQ-ACK payload. Hence, it would be reasonable to configure multiple PUCCH resource sets. Considering for HARQ-ACK corresponding to SPS PDSCH without associated DCI, that there is no mean to dynamically indicate PUCCH resource like PRI field, it would be sufficient to configure one PUCCH resource per PUCCH resource set. With this, the current PUCCH resource determination procedure can be mostly reused. 
Proposal 3: For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK)

· All PUCCH formats are applicable. 
· PUCCH resource set is determined based on HARQ-ACK payload corresponding to DL SPS PDSCHs. One PUCCH resource is configured per each PUCCH resource set for SPS, which is separately configured for HARQ-ACK of dynamic PDSCHs (similar as rel-15). Then a PUCCH resource is determined in the chosen PUCCH resource set.
HARQ-ACK codebook construction needs to be also discussed further. For type-1 codebook, 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. 
For type-2 codebook, 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.
Proposal 4: Further discussion is needed on how to construct HARQ-ACK codebook when joint release DCI is used. 
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: The working assumption on joint release for two or more SPS configurations is confirmed. 
Proposal 3: For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK)

· All PUCCH formats are applicable. 
· PUCCH resource set is determined based on HARQ-ACK payload corresponding to DL SPS PDSCHs. One PUCCH resource is configured per each PUCCH resource set for SPS, which is separately configured for HARQ-ACK of dynamic PDSCHs (similar as rel-15). Then a PUCCH resource is determined in the chosen PUCCH resource set.

Proposal 4: Further discussion is needed on how to construct HARQ-ACK codebook when joint release DCI is used. 
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