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Introduction
In RAN1#96bis, the following agreements related to downlink SPS grants for eURLLC were reached:
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 

Further in RAN1 #97 it was agreed that:
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.

In the subsequent sections of this paper, we present our views about FFS items regarding whether or not to support joint activation or joint release, details for support of multiple active SPS configurations, and/or reducing the periodicity per SPS configuration. 
SPS Enhancement for URLLC
For small data payload (e.g., 50 bytes), the PDCCH overhead can be significant (especially so since the downlink CRC alone has 24 bits.) In addition, PDCCH errors result in additional packet errors. This motivates the need of PDCCH-free (control-less) downlink data transmission. In previous meetings, and in response to LS from RAN2, it was captured that reducing the periodicity for a single SPS configuration down to 1 slot is feasible for all SCSs, “with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs”. 
With reduced SPS periodicity per configuration, and/or increased active SPS configurations, it becomes possible that the HARQ-ACK for multiple SPS occasions collide in the same (sub)-slot. Here the first question that needs to be addressed is how to indicate PUCCH resource for the above mentioned case, e.g. when PUCCH resources associated to HARQ-ACK report for different SPS occasions overlap in time. Note that this needs a new specification in Rel-16, since in Rel-15 we have (38.213): “A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptions in a same PUCCH”. 
Proposal 1: Multiple PUCCH resources are configured per SPS configuration depending on whether the corresponding HARQ-ACKs are multiplexed into the same (sub)-slot or not. 
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Figure 1: PUCCH resource configuration for SPS HARQ-ACK.
An example is shown in Figure 1, where the periodicity of SPS configuration 1 is one slot and the periodicity of  SPS configuration 2 is every other slot. In this example, K1 for each SPS configuration is in slot unit, and it is K1=1. If both SPS confifurations are activated, the PUCCH resource and the HARQ-ACK codebook in different slots will be different, as shown in the figure. Regarding the position of A/N bits in the codebook, for the case of SPS only, we have:
Proposal 2: For the case of SPS only and when multiple HARQ-ACK bits corresponding to different SPS occasions are being multiplexed into the same codebook, the position of A/N bits is determined based on the CC index first and within each CC based on each SPS occasion. 
So far we have discussed codebook construction and PUCCH resource determination in Rel-16 for the case of SPS only. In the following, we consider the case that the HARQ-ACKs for SPS occasions and dynamic PDSCHs need to be multiplexed into the same codebook and/or PUCCH resource. We discuss this problem under different HARQ-ACK codebook construction configurations, i.e. Type 1 and Type 2.
Proposal 3: Adopt Rel-15 for Type 1 codebook construction with multiple SPS configurations. 
Here, it should be note that with SPS periodicities less than a slot, it is not straightforward to adopt Rel-15 for Type 1 codebook construction, since in this case all SPS occasions may not be given in TDRA. It is worth mentionig that with multiple active SPS configurations, and reduced SPS periodicity down to one a lot, the usecase for further reducing the SPS periodicity of a single SPS is not clear. Besides, considering the PUCCH overhead, we propose not to support SPS peridocities less than a slot.  
Proposal 4: Do not support SPS periodicities less than a slot for a single SPS configuration.
For Type 2 codebook construction, if UE just follows Rel-15 to construct the codebook, it has to append the HARQ-ACK bits corresponding to different SPS occasions multiplexed into the same PUCCH into the dynamic portion of the codebook. Here dynamic portion of the codebook is obtained from DAIs for different DCIs, e.g. corresponding to dynamic/regular PDSCHs. However, this procedure may result in codebook size ambiguity at gNB and UE, e.g. if UE misses a SPS (re)activation. To solve this issue, we propose the first SPS occasion coming with (re)activation DCI is encoded in the dynamic portion as well, where for which DAI in (re)activation DCI needs to be incremented. HARQ-ACK bits for other SPS occasions, other than the first SPS occasion, can be appended to the dynamic portion of the codebook. Figure 2 gives an example of the procedure. 
Proposal 5: For Type2 HARQ-ACK codebook, increment DAI field in SPS (re)activation DCI for the first SPS occasion of a SPS configuration, and all SPS occasions multiplexing HARQ-ACK with the first SPS. Append the A/N bits for other SPS occasions.
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Figure 2: Type 2 HARQ-ACK codebook construction with multiple SPS configurations.
In RAN1 #96bis, it was agreed to support separate activation/release for different SPS configurations for a given BWP of a serving cell. There are still some FFS items left like whether or not to support joint activation (or joint release) in a DCI for two or more SPS configurations. In the remainder of this section, we share our viewpoint regarding these FFS items.
Similar to our argument for Type 2 ULCG mentioned in [1], different service/traffic types, in general, require different independent SPS configurations. For example, MCS, resource allocation (in time/freq.), TB size, periodicity, offset, number of repetitions, etc. can be different in SPS configurations corresponding to different service types. In this case, independent SPS activations seems more reasonable. Further, the Rel-15 approach can be adopted to design the activation DCI; each SPS configuration can be associated with an index, and the index is signaled in DCI. On the other hand, for the same service type and to improve reliability and reduce latency, multiple active SPS configurations may have the same parameters unless different active SPS configurations may be associated at least with different offsets. Here, it should be note that even for this use-case, we can have different SPS configurations with different MCS, RB allocation, etc. But assuming that different configurations would have many common parameters, a single DCI may activate SPS configurations with many common parameters, yet at the cost of limited scheduling flexibility. Since activation does not happen frequently, thus the gain from PDCCH overhead saving should not be significant. 
Proposal 6: In Rel. 16, joint activation in a single DCI for multiple SPS configurations is not supported.
Similar to our argument for Type 2 ULCG mentioned in [1], a single DCI can be used with a bitmap to indicate which SPS configurations are to be realeased. For example, a UE can be configured with multiple SPS configurations where different configurations are divided into different sets. Different set of SPS configurations can represent different service types or even the same service type, e.g., different sets represent different periodicity. Then, a bitmap in a single releasing DCI will indicate which set(s) are released. If a set is indicated to be released, all SPS configurations belonging to that set are released as well. 
Proposal 7: A bitmap in releasing DCI would map to different sets of SPS configurations. If a set is released, then all SPS configurations belonging to that set are released as well.
Conclusion
In this contribution, we make the following proposals. 
Proposal 1: Multiple PUCCH resources are configured per SPS configuration depending on whether the corresponding HARQ-ACKs are multiplexed into the same (sub)-slot or not. 
Proposal 2: For the case of SPS only and when multiple HARQ-ACK bits corresponding to different SPS occasions are being multiplexed into the same codebook, the position of A/N bits is determined based on CC index first and within each CC based on SPS occasion. 
Proposal 3: Adopt Rel-15 for Type 1 codebook construction with multiple SPS configurationsion. 
Proposal 4: Do not support SPS periodicities less than a slot for a single SPS configuration.
Proposal 5: For Type2 HARQ-ACK codebook, increment DAI field in SPS (re)activation DCI for the first SPS occasion of a SPS configuration, and all SPS occasions multiplexing HARQ-ACK with the first SPS. Append the A/N bits for other SPS occasions.
Proposal 6: In Rel. 16, joint activation in a single DCI for multiple SPS configurations is not supported.
Proposal 7: A bitmap in releasing DCI would map to different sets of SPS configurations. If a set is released, then all SPS configurations belonging to that set are released as well.
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