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Introduction
In this contribution, we provide our views on remaining issues for shorter SPS periodicities and multiple SPS configurations.
Note, the discussion on intra-UE prioritization for resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs and intra-UE prioritization related to SPS PDSCH subjects to UCI enhancement agenda, and could be found in our companion contribution [1].
Remaining RAN1 impacts 
In the RAN1#98 meeting, it was concluded to introduce short DL SPS periodicities with a minimum periodicity of 1 slot. Then, the details on how to determine the PUCCH resources for SPS w/ or w/o associated DL assignment were concluded in the RAN1#98BIS meeting [2]. In the following, we provide our thinking on the remaining RAN1 impacts.
2.1 HARQ-ACK timing indication
In Rel-15, for a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot n+k where k is provided by the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ_feedback timing indicator field, k is provided by dl-DataToUL-ACK. 
However, if slot n+k is not a uplink slot, the UE will not transmit the PUCCH with HARQ-ACK. This is not an issue when the SPS periodicity is no less than 10ms. Because the network can always make sure the slot n+k is an uplink slot by implementation. However, it will be very difficult or even impossible to guarantee it when SPS periodicity is reduced. For instance, a TDD configuration with a periodicity of ‘DDDDU’, where ‘D’ means a downlink slot and ‘U’ is an uplink slot. When SPS periodicity is one slot, one fixed HARQ-ACK timing value k as Rel-15 is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
Observation 1: When SPS periodicity is one slot, one fixed HARQ-ACK timing value k as Rel-15 is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
According to feature lead summary [3], there are two options to solve the issue.
· Option 1: Still indicate one k value, if the indicated n+k is an DL slot, it will defer to the first available PUCCH resource or an uplink slot configured by RRC.
· Option 2: indicate a set of k values where one k value for each SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values, one set is chosen based on the same rule as Rel-15.
Option 1 which always defer to the first valid PUCCH resource/slot for all SPS occasions may incur imbalanced HARQ-ACK feedback, which is detrimental to PUCCH reliability for URLLC. On the other hand, Option 2 is more flexible and the HARQ-ACK timing value k can be configured properly according to the SPS configuration and DL & UL slot configuration. An example is given in Figure 1, where the slot configuration has a periodicity of ‘DDDUU’ and the periodicity of SPS is one slot. Then, the network can indicate a set of k values, e.g., k = {3,2,2} for each SPS slot respectively in one slot configuration period. This is more flexible and could avoid imbalanced HARQ-ACK feedback. Similar to Rel-15, if RRC configures more than one sets of k values, one set is chosen based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI, otherwise, it will use the one set configured by RRC.
[image: ]
Figure 1 HARQ-ACK timing indication for SPS configuration with a periodicity of one slot
Based on above, we have the following proposal. 
Proposal 1: Indicate a set of k values where one k value for each SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values, one set is chosen based on the same rule as Rel-15.
2.2 HARQ-ACK codebook construction and priority determination for SPS PDSCH release
For cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with HARQ-ACK feedback for dynamic scheduled PDSCH, whether any enhancements to type-1 and type 2 HARQ-ACK codebook construction should be discussed.
· Type-1 HARQ-ACK codebook construction
For semi-static HARQ-ACK codebook, HARQ-ACK bits in the codebook are based on the configured TDRA. Given the minimum periodicity of SPS is no less than 1 slot, the SLIV for SPS PDSCH could be one out of the TDRA table. In our view, Rel-15 rules can be reused by appending one bit for each SPS reception in the HARQ-ACK codebook. 
Proposal 2: For Type 1 HARQ-ACK codebook, reuse the same HARQ-ACK codebook construction mechanism as in Rel.15 for SPS reception.
Joint release for more than one SPS configurations has been agreed for TSN services. Then, a follow-up question is whether to generate one HARQ-ACK bit for the joint SPS release DCI or multiple bits based on the number of SPS configurations jointly released. In our view, it seems one HARQ-ACK for the joint SPS release DCI is sufficient, and it can reduce HARQ-ACK codebook size. In addition, the number of SLIVs associated with the joint SPS release DCI can also be reduced. Then, SLIVs not associated with the joint SPS release DCI can be used for dynamically scheduled SLIVs. 
In Rel-15, the location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a SPS release DCI is same as for a corresponding SPS PDSCH reception. Then, if multiple configurations are jointly released, it needs to further define which SPS PDSCH reception, i.e., which SPS configuration, to be used for determining the location of HARQ-ACK for joint SPS release DCI. There could be two alternatives as follows.
· Alt 1. Based on SPS priority and SPS configuration index. Specifically, choose the SPS configuration with high priority if any, and if more than one configurations indicated as high priority, choose the SPS configuration with lowest index. If all SPS configurations are indicated as low priority, choose the SPS configuration with lowest index.
· Alt 2. Based on the SPS PDSCH reception indicated by TDRA bit field in the joint SPS release DCI. TDRA bit field is not used in SPS release DCI in Rel-15. It can be used to indicate the SPS PDSCH reception, which is used to determine the position of HARQ-ACK information in the codebook for joint SPS release DCI. 
Both alternatives are workable, and RAN1 should further discuss to choose one of them. 
Proposal 3: For Type 1 HARQ-ACK codebook, generate one HARQ-ACK bit for SPS release DCI, regardless the number of SPS configurations released. Down-select one alternative for determining the position of the HARQ-ACK information in the codebook.
· Alt 1. Based on SPS priority and SPS configuration index. 
· Choose the SPS configuration with high priority if any, and if more than one configurations indicated as high priority, choose the SPS configuration with lowest index. If all SPS configurations are indicated as low priority, choose the SPS configuration with lowest index.
· Alt 2. Based on the SPS PDSCH reception indicated by TDRA bit field in the SPS release DCI. 
· Type-2 HARQ-ACK codebook construction
For dynamic HARQ-ACK codebook, there is only one HARQ-ACK bit for SPS PDSCH reception is appended in the end of codebook in Rel-15. It is straightforward to reuse the same mechanism when SPS periodicity is reduced, i.e., dynamic HARQ codebook is constructed with one bit corresponding to each SPS PDSCH reception, and appended in the end of codebook. For HARQ-ACK for PDSCH with DCI or (joint) SPS release DCI, the HARQ-ACK bit order is based on the DAI.
[bookmark: _GoBack]Proposal 4: For Type 2 HARQ-ACK codebook, reuse the same HARQ-ACK codebook construction mechanism as in Rel.15. 
· Priority determination for joint SPS release DCI
In the RAN1#98bis meeting, it was agreed that an explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS release DCI. As discussed in our companion contribution [1], activation DCI can complement or overwrite the priority of HARQ-ACK corresponding to the SPS PDSCH and SPS release DCI, and if the priority is not indicated, neither by RRC nor activation DCI, the corresponding priority of HARQ-ACK can be regarded as low priority. However, when multiple configurations are jointly released, it needs to clarify how to determine the priority of the SPS release DCI. One straightforward way is first based on the priority indicated in the joint SPS release DCI if any. If there is no priority indication in joint SPS release DCI, it can be based on the priority configured by RRC, i.e., it is determined as high priority as long as one of the released SPS configurations is configured as high priority, otherwise it is determined as low priority. 
Proposal 5: When multiple configurations are jointly released, the priority of the joint SPS release DCI is determined by the following procedure, 
· If there is priority indication in joint SPS release DCI, it is based on the priority indicated by the joint SPS release DCI.
· Else if at least one of the released SPS configurations is configured as high priority, it is high priority,
· Else, it is low priority.  
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: When SPS periodicity is one slot, one fixed HARQ-ACK timing value k as Rel-15 is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
Proposal 1: Indicate a set of k values where one k value for each SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values, one set is chosen based on the same rule as Rel-15.
Proposal 2: For Type 1 HARQ-ACK codebook, reuse the same HARQ-ACK codebook construction mechanism as in Rel.15 for SPS reception.
Proposal 3: For Type 1 HARQ-ACK codebook, generate one HARQ-ACK bit for SPS release DCI, regardless the number of SPS configurations released. Down-select one alternative for determining the position of the HARQ-ACK information in the codebook.
· Alt 1. Based on SPS priority and SPS configuration index. 
· Choose the SPS configuration with high priority if any, and if more than one configurations indicated as high priority, choose the SPS configuration with lowest index. If all SPS configurations are indicated as low priority, choose the SPS configuration with lowest index.
· Alt 2. Based on the SPS PDSCH reception indicated by TDRA bit field in the SPS release DCI. 
Proposal 4: For Type 2 HARQ-ACK codebook, reuse the same HARQ-ACK codebook construction mechanism as in Rel.15. 
Proposal 5: When multiple configurations are jointly released, the priority of the joint SPS release DCI is determined by the following procedure, 
· If there is priority indication in joint SPS release DCI, it is based on the priority indicated by the joint SPS release DCI.
· Else if at least one of the released SPS configurations is configured as high priority, it is high priority,
· Else, it is low priority.  
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